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TO     THE    TEACHER. 


JN  this  book  will  be  found  an  nnusual  number  of  prob 
lems.  It  is  not  intended  that  each  member  of  each 
class  shall  work  all  of  the  problems.  It  is  hoped  that 
they  are  sufficiently  numerous  and  varied  to  enable  you 
to  select  what  you  need  for  your  particular  class.  No 
author  can  make  a  comfortable  Procrustean  bedstead. 

You  would  do  well  to  secure,  in  the  fall  of  the  year,  a 
supply  of  the  pith  of  elder  or  sunflower  stalk,  and  several 
full-blown  thistle-heads,  that  they  may  be  well  dried  and 
ready  for  experiments  in  electricity  during  the  dry,  cold 
weather  of  winter. 

The  author  would  be  glad  to  receive  any  suggestions 
from  any  of  his  fellow-teachers  who  may  use  this  book,  or 
to  answer  any  inquiries  concerning  the  study  or  apparatus. 

Most  of  the  apparatus  mentioned  in  this  book  may 
be  obtained  from  James  "W.  Queen  &  Go.,  Philadelphia. 

The  author  has  prepared  a  Teacher's  Hand-Book  to 
accompany  this  volume,  with  answers  to  the  problems, 
and  much  additional  matter  of  interest  to  teachers  of 
S^atural  Philosophy. 


TO    THE    PUPIL. 


T3ECENT  careful  and  extended  examination  shows 
-^  ^  that  diseases  of  the  eye, .  such  as  near-sight,  are 
lamentably  frequent  among  school-children.  Tour  eye- 
sight is  worth  more  to  you  than  any  information  you  are 
likely  to  gain  from  this  book,  however  valuable  that 
may  ])e.     You  are  therefore  earnestly  cautioned : 

1.  To  be  sure,  in  studying  this  or  any  other  book, 
that  you  have  sufficient  light. 

2.  That  you  do  not  allow  direct  rays  of  light  to  fall 
upon  your  eyes^  and  that  you  avoid  the  angle  of  reflection. 

3.  That  you  avoid  a  stooping  position  and  a  forward 
inclination  of  the  head.  Do  not  read  with  the  book  in 
your  lap.  The  distance  of  the  eye  from  the  page  should 
be  not  less  than  twelve  inches  (30  cm.)  nor  more  than 
eighteen  inches.     (45  cm.)     Hold  the  book  up. 

4.  That  you  sit  erect  when  you  write.  The  light 
should  be  received  over  your  left  shoulder. 

5.  Especially,  that  you  avoid,  as  much  as  possible, 
books  and  papers  poorly  printed  or  printed  in  small  type. 

6.  That  you  cleanse  the  eyes  with  pure  soft  water 
morning  and  night,  and  avoid  overtaxing  them  in  way 
way. 
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"^HAPTEl^  I. 


THE    DOMAIN   OF   PHYSICS.— THE  PROPERTIES  OF 
MATTER.— THE    THREE    CONDITIONS 

OF    MATTER. 


* 


s 


ECTFON  I. 


THE    DOMAIN    OF    PHYSICS,    OR    NATURAL 

PHILOSOPHY. 

Introductory. — On  the  page  opposite,  you  have  an 
outline  map  of  the  wide  realm  of  human  knowledge.  As 
from  a  mountain  top,  you  look  upon  the  plain  below,  and 
clearly  see  the  position  of  each  province,  and  its  relation 
to  its  neighbors.  Through  some  of  these  provinces  you 
may  have  passed,  and  with  them  have  become  more  oi 
less  familiar.  From  the  whole  number  we  now  select  one 
that  promises  enough  of  interest  and  profit  to  justify  the 
time  and  efifort  of  careful  study.  Not  satisfied  with  the 
cursory  glance,  we  seek  more  definite  information.  Foi 
this,  we  must  leave  the  peak  and  enter  the  plain;  foi 
though  distance  may  lend  an  enchantment,  it  also  begets  a 
dimness  fatal  to  our  purpose. 

1.  What  is  Science  ?  —  Science  is  cUdssified 
knowledge, 

A  person  may  have  lived  for  years  among  plants,  hav^ 
acquired  a  vast  store  of  information   concerning  tbe^^ 
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know  that  this  one  grows  only  in  wet  ground,  that  another 
^  valuable  for  such  and  such  an  end,  and  that  a  third 
has  certain  form,  size,  and  color.  This  general  informa- 
tion  may  be  valaable,  but  it  is  only  when  the  facts  are 
'Classified,  and  the  plants  grouped  into  their  respective 
orders,  genera  and  species,  that  the  knowledge  becomes 
entitled  to  the  name  of  botany,  a  science. 

3.  What  is  Matter? — Matter  is  anything  that 
occupies  space  or  *' tahes  up  room.'' 

There  are  many  realities  that  are  not  forms  of  matter. 
Mind,  truth,  and  hope  do  not  occupy  space ;  the  earth  and 
the  rain-drop  do. 

3.  Divisions  of  Matter. — Matter  may  he  con- 
sidered as  existing  in  masses,  molecules^  and  atoms 

A  clear  apprehension  of  the  meaning  of  these  terms 
is  essential  to  a  full  understanding  of  the  definition  ol 
Physics  as  well  as  of  much  else  that  follows. 

4.  Wliat  is  a  Mass? — A  mass  is  any  quantity 
of  matter  that  is  composed  of  molecules. 

The  word  molar  is  used  to  describe  such  a  collecti^m  of 
molecules. 

{a.)  The  term  mass  also  has  reference  to  real  quantity  oa  distin- 
guished  from  apparent  quantity  or  size.  A  sponge  may  be  com- 
pressed so  as  to  seem  much  smaller  than  at  first,  but  all  of  the 
sponge  is  still  there.  Its  density  is  changed  ;  its  quantity  or  mass 
remains  the  same.  This  double  use  of  the  word  is  unfortunate, 
but  the  meaning  in  any  given  case  may  be  easily  inferred  from  the 
connection. 

(6.)  The  quantity  of  matter  constituting  a  mass  is  not  necessarily 
great,  A  drop  of  water  may  contain  a  million  animalcules  ,  each 
animalcule  is  a  mass  as  truly  as  the  greatest  monster  of  the  land  or 
«ea.  The  dewdrop  and  the  ocean,  clusters  of  grapes  and  clusters 
el  Ktais,  are  equally  masses  of  matter. 
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5.  What  is  a  Molecule? — A  molecule  is  the 
smallest  quantity  of  matter  that  can  exist  by  itself. 
It  is  the  physical  unit  of  matter  and  can  be  divided  onlj 
by  chemical  means. 

(a. )  We  know  tliat  a  drop  of  water  may  be  divided  into  severs) 
oarts,  and  each  of  these  into  several  others,  each  part  still  being 
water.  The  subdivision  may  be  carried  on  until  we  reach  a  limit 
fixed  by  the  grossness  of  our  instruments  and  vision ;  eacli  purticle 
Btill  is  water.  Even  now,  imagination  may  carry  forward  the 
work  of  subdivision  until  at  last  we  reach  a  limit  beyond  which  we 
cannot  go  without  destroying  the  identity  of  the  substance.  In 
other  words,  we  have  a  quantity  of  water  so  small  that  if  we  divide 
it  again  it  wil]  cease  to  be  water ;  it  will  be  something  else.  This 
smallest  quantity  of  matter  that  can  exist  by  itself  and  retain  its 
Identity  is  call^  a  molecule.  The  word  molecule  means  a  little 
mass,  (See  Avery's  Chemistry,  §  4.) 

(6.)  The  smallest  interval  that  can  be  distinctly  seen  with  the 
microscope  is  about  77x^^17  inch.  It  has  been  calculated  that  about 
8000  liquid  water  molecules  might  be  placed  in  a  row  within  such 
an  interval.  In  other  words,  an  aggregation  of  8,000,000,000  watei 
molecules  is  barely  visible  to  the  best  modern  microscopes. 

6.  What  is  an  Atom? — An  atom,  is  the 
smallest  quantity  of  matter  that  can  enter  into 
coTnbination,  It  is  the  cliemical  unit  of  matter  and  is 
considered  indivisible. 

In  nearly  every  case  an  atom  is  a  part  of  a  molecule. 

{a.)  If  a  molecule  of  water  be  divided,  it  will  cease  to  be  watei 
at  all,  but  will  yield  two  atoms  of  hydrogen  and  one  of  oxygen. 
The  molecule  of  common  salt  consists  of  one  atom  of  sodium  and 
one  of  chlorine.  Some  molecules  are  very  complex.  The  common 
sugar  molecule  contains  forty-five  atoms. 

(6.)  Atoms  make  molecules ;  molecules  make  masses.  Of  the 
txbsolute  size  and  weight  of  atoms  and  molecules  little  is  known ; 
of  their  relative  size  and  weight  much  is  known,  and  forms  an  im- 
portant part  of  the  science  of  chemistry. 

7.  Forms  of  Attraction. — Each  of  these  three 
diTiflionB  (ji  matter  has  its  own  form  of  attx^\iQTL\ 
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Molar  attraction  is  called  gravitation. 

Molecular  attraction  is   called   cohesion    or  adbe- 

sion. 
atomic  attraction  is  called  chemical  aflBnity  (ch<sirh 

ism). 

8.  Forms  of  Motion. — Each  of  these  three  Jivi' 
rions  of  matter  has  its  own  form  of  motion  : 

Molar  motion,  or  visible  mechanical  motion,  is  called 
by  different  names  according  to  the  nature  of  the 
substance  in  motion ;  e.  g.,  the  flow  of  a  river  or  the 
vibrations  of  a  pendulum. 

Molecular  motion,  called  heat,  light,  electricity,  or 
magnetism. 

Atomic  motion.    (Purely  theoretical  as  far  as  known.) 

9.  Physical    Science. — Physical   science   com'  ' 
prises  Physics  and  Chemistry. 

The  first  of  these  deals  with  masses  and  molecules;  the 
lecond  with  atoms  and  combinations  of  atoms. 

10.  Wliat  is  a  Pliysical  Cliange? — A  physi- 
cal change  is  one  that  does  not  change  the  identity 
of  the  molecule. 

{a.)  Inasmucli  as  the  nature  of  a  substance  depends  upon  tlie 
aature  of  its  molecules,  it  follows  that  a  physical  change  is  one  that 
loes  not  affect  the  identity  of  a  substance.  A  piece  of  marble  may 
06  ground  to  powder,  but  each  grain  is  marble  still.  Ice  may 
change  to  water  and  water  to  steam,  yet  the  identity  of  the  sub- 
stance is  unchanged.  A  piece  of  glass  may  be  electrified  and  a 
piece  of  iron  magnetized,  but  they  still  remain  glass  and  iron.  These 
changes  all  leave  the  composition  and  nature  of  the  molecule  un- 
changed ;  they  are  physical  changes. 

11.  What  is  a  Chemical  Change  t—A  chemU 
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oal  change  is  one  that  does  change  the  identit§ 
of  the  molecule. 

(a,)  If  tlie  piece  of  marble  be  acted  upon  by  Balpbaric  add,  • 
brisk  effervescence  takes  place  cansed  by  the  escape  of  carbonic  add 
gas  wbicb  was  a  constituent  of  the  marble;  calcium  sulphatf 
(gypsum),  not  marble,  will  remain.  The  water  may,  by  the  actiot 
of  electricity,  be  decomposed  into  two  parts  of  hydrogen  and  one  of 
oxygen.  The  nature  of  the  glass  and  iron  may  easily  be  changed. 
These  change  the  nature  of  the  molecule ;  they  are  chemical 
ehange& 

12.  Definition.  —  Physics,  or  Natural  Philos^ 

ophy,  is  the  iranch  of  science  that  treats  of  the 
laws  and  physical  properties  of  matter,  and  of 
those  phenomena  that  depend  upon  physical 
changes. 

Recapitulation. — ^To  be  reproduced  and  amplified 

by  the  pupil  for  review. 
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THE    PROPERTIES    OF    MATTER. 

13.  Properties  of  Matter.— .^/z^z/  quality  that 
belongs  to  matter  or  is  characteHstic  of  it  is  caZleos 
a  property  of  matter. 

Properties  of  matter  are  of  two  classes,  physiqal  and 
chemical. 

14.  What  are  Physical  Properties  ?—P%^ 

cal   propeHies   are   such   as   may   he    manifested 
urithout  changing  the  identity  of  the  molecule  (§  10). 

{a)  A  piece  of  coal  takes  up  room,  it  is  hard  and  heavy,  it  can- 
not move  itself.  These  several  qualities  or  properties  the  coal  may 
exhibit  and  still  remain  coal,  or- still  retain  its  identity.  They  are, 
therefore,  physical  properties  of  coal. 

15.  Wliat  are  Chemical  Properties  ?— Chem- 
ical Properties  are  such  as  cannot  he  manifested 
without  changing  the  identity  of  the  molecule  (§11). 

(a.)  A  piece  of  coal  may  be  burned ;  therefore  combustibility  is 
a  property  of  the  coaL  This  property  has  been  held  by  the  coal 
for  countless  ages,  but  it  never  has  been  shown.  Further,  this 
piece  of  coal  never  can  show  this  property  of  combustibility  with 
out  ceasing  to  exist  as  coal,  without  losing  its  identity.  When  the 
coal  is  burned,  the  molecules  are  changed  from  coal  oi  carbon  tc 
carbonic  acid  gas  (CO^). 

16.  Experiment. — ^Take  a  piece  of  ordinary  sul- 
phur (brimstone)  and  attempt  to  pull  it  in  pieces;  the 
legree  of  its  resistance  to  this  eflTort,  or  its  tenacity^ 
measures  the  attraction  of  the  molecules  for  each  other. 
Strike  it  with  a  hammer,  and  it  breaks  into  many  pieces, 
thus  manifesting  its  brUtleness;  but  each  piooe  is  ordinary 
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Bnlphar.  Heat  it  in  a  spoon,  and  it  assumes  tbe  liqdd 
form,  but  it  is  sulphur  yet.  In  none  of  these  changes  baa 
the  nature  cf  the  molecule,  or  the  identity  of  the  sub- 
stance, undergone  any  change.  On  the  other  hand,  il 
the  sulphur  be  heated  suflSciently  it  will  take  fire  an(f 
bum,  producing  the  irritating,  sutfocating  gas  familiar  tc 
all  through  the  use  of  common  matches.  We  thus  see 
that  the  sulphur  is  combustible.  This  combustibility  is 
a  chemical  property,  i»  the  manifestation  of  which  the 
identity  of  the  substance  is  destroyed.  Before  the  mani- 
festation we  had  sulphur;  after  it  we  have  sulphurous 
anhydride  (SO,).  The  original  molecules  were  elemen- 
tary, composed  of  like  atoms;  the  resultant  molecules 
are  compound,  composed  of  unlike  atoms,  sulphur  and 
oxygen. 

17.  Division  of  Physical  Properties, — Physi- 
cal  properties  of  matter  are,  in  turn,  divided  into  two 
classes,  universal  and  characteristic. 

18.  Wliat  are  Universal  Properties  ?— ZTn^i- 

versaZ  properties  of  matter  are  such  as  hdong  to 
aU  matter. 

All  substances  possess  them  in  common ;  no  body  can 
exist  without  them.  We  cannot  even  imagine  a  body 
that  does  not  require  space  for  its  existence.  This  qual- 
ity of  matter,  which  will  soon  be  named,  is,  therefore, 
universal. 

19.  What  are  Characteristic  Properties?  • 

Chara^eristic  properties  of  matter  are  such  a^ 
belong  to  matter  of  certain  hinds  only. 

They  enable  us  to  distinguish  one  substance  from  an 
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other.  Glass  is  brittle,  and  by  this  single  property  maj 
be  distinguished  from  india-rubber. 

20.  List  of  Universal  Properties.— The  prin- 
cipal universal  properties  of  matter  are  extension,  im- 
penetrability,  weight,  indestructibility,  inertia 
mobility,  divisibility,  porosity,  compressibility,  ex 
pansibility,  and  elasticity, 

21.  List  of  Cliaracteristic  Properties.— The 

characteristic  properties  of  matter  (often  called  specific  or 
accessory  properties)  are  numerous.  They  depend,  for  the 
most  part,  upon  cohesion  and  adhcEdon.  The  most  im- 
portant characteristic  properties  are  hardness,  tena^ty, 
hrittleness,  malleability,  ductility. 

22.  What  is  Extension? — Extension  is  thai 
property  of  matter  hy  virtue  of  which  it  occupies 
spojce. 

It  has  reference  to  the  qualities  of  length,  breadth,  and 
thickness.  It  is  an  essential  property  of  matter,  involved 
in  the  very  definition  of  matter. 

(a.)  All  matter  must  liave  these  three  dimensions.  We  say  thai 
a  line  has  lenglh,  a  surface  has  length  and  breadth ;  but  lines  and 
surfaces  are  mere  conceptions  of  the  mind,  and  can  have  no  material 
existence.  The  third  dimension,  which  affords  the  idea  of  soliditj 
or  volume,  is  necessary  to  every  form  of  every  kind  of  matter.  No 
one  can  imagine  a  body  that  has  not  these  three  dimensions,  that 
does  not  occupy  space,  or  "  take  up  room."  Figure  or  shape  nece» 
sarily  follows  from  extension. 

23.  Englisli  Measures. — ^For  the  purpose  of  com- 
paring volumes,  as  well  as  surfaces  and  lengths,  measures 
are  necessarj*.  In  the  TTnited  States  and  England  the 
yard  has  been  adopted  as  the  unit,  and  its  divisions,  as 
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Ceet  and  inches,  together  with  its  multiples,  as  rods  and 
miles,  are  in  familiar  use.  This  unit  is  determined  by 
certain  bars,  carefully  preserved  by  the  governments  ol 
these  two  nations. 

34.  Metric  Measures. — The  international  system 
has  the  merits  of  a  less  arbitrary  foundation  and  of  far 
greater  convenience.  From  its  unit  it  is  known  as  the 
metric  system.  This  system  is  in  familiar  use  in  most  of 
the  countries  of  continental  Europe  and  by  scientific 
writers  of  all  nations,  and  bids  fair  to  come  into  genera] 
use  in  this  country.  For  these  reasons,  as  well  as  for  its 
greater  convenience,  an  acquaintance  with  this  system  is 
now  desirable,  and  will  soon  be  necessary.  It  has  been 
already  legalized  by  act  of  Congress. 

35.  Definition  of  Meter.— The  meter  was  in- 
tended to  be  forty-millionth  of  the  earth's  meridian 
which  passes  through  Paris,  or  one  ten-millionth  of  a 
quadrant  of  such  a  meridian.  It  is  equal  to  39.37 
inches.  Like  the  Arabic  system  of  notation  and  the  table 
of  U.  S.  Money,  its  divisions  and  'nuitiples  vary  in  a  ten- 
fold ratio. 

36.  Metric  Measures  of  Length.  —  Ratio 
=  1 :  10. 


Divisions. 


ITNrr. 


" 


MUlimeter 
Centimeter 
Decimeter 

Metet 

r  Dekameter 


1 

10. 
.-  I  Hektometei   (Rm.)=    100. 

j  Kilometer       {Km.)=  1000 
iMTTiameter   (ifw.)=10000. 


(mm,)  r=         .001  m,=    0.03037  iocheA 
(cm.)    =  .01    m.=    0.3937 

(dm.)  =  .1     m.=    3.937 

(m.)    =        1.       m.=  39.37 

(2>m.)=      10.       m.=393.7 

w.=328  ft.  1  inch. 
m.=    0.62137  miles 
w.=    e.2137 
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JV<?^6. — ^The  table  may  be  read :  10  millimeters  make  1 
centimeter ;  10  centimeters  make  1  decimeter,  etc.  Tli€ 
denominations  most  used  in  i)ractice  are  printed  in  italics 
The  system  of  nomenclature  is  very  simple.  The  Latin 
prefixes,  mUli-f  centi-,  and  deci-,  signifying  respectively 
TuW»  tJu»  ^^^  iV»  ^^^  already  familiar  in  the  mill,  cent, 
and  dime  of  U.  S.  Money,  are  used  for  the  divisions, 
while  the  Greek  prefixes  deka-,  hekto-,  kilo-,  and  myria-, 
signifying  respectively  10,  100,  1000,  and  10000,  are  used 
for  the  multiples  of  the  unit.  Each  name  is  accented  on 
the  first  syllable. 

37.  Metric  Measures  of  Surface.— 
Ratio  =  1 :  102  =  1 :  100. 

(Square  millimeter  (sq,  mm.) =0.000001  sq,  m. 
Square  centimeter  (sq.  cm,)  =0,0001 
Square  decimeter    (sq.  dm,)  =0.01 


« 


€4 


Unit. 


Square  meter 
etc.,  etc. 


(sq,  m.)    =1. 


Note. — The  table  may  be  read:  100  sq.  mm.  =  1  sq.  cm.\ 
100  sq.  cm.  =  1  sq.  dm.,  etc.  The  reason  for  the  change 
of  ratio  from  10  to  100  may  be  clearly  shown  by  represent- 
ing 1  sq.  dm.,  and  dividing  it  into  sq.  cm.  by  lines,  which 
shall  divide  each  side  of  the  sq.  dm.  into  10  equal  parts  or 
centimeters. 


38.   Metric    Measures  of  Volume.- 
^ ,   Ratio  =  1 :  10^  =  1 :  1000. 

Cubic  millimeter  (cu,  mm,)  =  0.000000001  eu.  m. 
GvUc  centimeter    {cu,  cm,)  =  0.000001 
^  Cubic  decimeter    {cu.  dm.)  =  0.001 

Unit.  OiMc  meter  {cu.  m,)    =  1.308  cu.  yds. 

etc.,  eta 


Divisions. 


«« 


«« 


29.  Metric  Measures  of  Capacity. — ^Ratio  = 

10. — For  many  purposes,  such  as  the  measurement  of 
articles  usually  sold  by  dry  and  liquid  nieasures,  a  smallei 
unit  than  the  cubic  meter  is  desirable.    For  such  purposen 
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the  ciibio  decimeter  has  been  selected  as  the  standard, 
and  when  thus  used  is  called  a  liter  (pronounced  leeter) 

{MUlUiter    {ml)  =      1  co.  cm«=:  0.061022  co.  iiL 
Centmter   {d.)    =    10     •       =  0.338  fld.  oz. 
Deciliter    (e«.)  =  100     -       =  0.845  gilL 

Zsn.  Liter         (I)     =1000     "       =  1.0567  liquid  qt6 

^  Dekaliter   (Dl.)  rr    10ca.din.=:  9.08  dry  qta. 
MULTIFLSS.  •!  Hektoliter(J7?.)  =  100ca.dm.=  2bii.3.35  pka. 
[  EUoHter    {£!.)  ==      1  co.  m.  =r  26417  gals. 

30.  Comparative  Helps.^It  may  be  noticed  that 
the  m.  corresponds  somewhat  closely  to  the  yard,  which  it 
will  replace.  Kilometers  will  be  used  instead  of  milea 
The  cu.  cm.  may  be  represented  by  the  ordinary  die  used 
b  playing  backgammon.  The  h  does  not  differ  very  much 
Irom  the  quarts  or  the  Dt  from  the  peck,  which  they  wiU 
respectively  replace*  In  fact,  the  2.  is,  in  capacity,  inter** 
mediate  between  the  dr}  and  liqnid  qnart& 

31,  What    is    Impenetrability  ?—/mpe;i^^flk 

bUity  is  that  property  of  matter  by  virtue  of  which 
two  bodies  cannot  occupy  the  earns  space  iU  the 
sam^  tims. 

(a.)  niustrations  of  this  property  are  very  simple  and  abmidani 
Thrust  a  finger  into  a  tumbler  of  water ;  it  is  evident  that  the  watei 
and  the  finger  are  not  in  the  same  place  at  the  same  time.  Drive  a 
nail  into  a  piece  of  wood  ;  the  particles  of  wood  are  either  crowded 
more  closely  together  to  give  room  for  the  nail,  or  some  of  them  are 
driven  out  before  it  Clearly,  the  iron  and  the  wood  are  not  in  the 
jame  place  at  the  same  time. 

33.  Experiment. — Throngh  one  cork  of  a  two- 
necked  bottle  pass  a  small  funnel  or  "  thistle-tube/'  and 
let  it  extend  nearly  to  the  bottom  of  the  bottle.     Thronirb 


u 
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the  other  cork  le&d  a  tabe  to  t 


Fio.  «. 


)  water-pan,  and  let  H 
terminate  beneath  or 
within  the  neck  oi 
a  clear  ^^lass  bottle 
filled  with  water, 
and  inyerted  in  the 
water-pan.  See  that 
the  cx>rk8  are  six- 
tight;  if  neceBsar;, 
aeal  them  with  wax 
or  plaster  of  Paris. 
If  a  two-necked  bot- 
tle he  not  convenieaif 
eabstitnte  therefor  a 
wide-moathed  bottle  having  two  holes  through  the  cork. 
The  delivery  tabe  is  beet  made  of  glass.  It  may  be  easily 
bent  by  first  heating  it  red-hot  in  an  alcohol  or  gas  flame. 
Poor  water  steadily  throogh  the  funnel;  as  it  descendB, 
air  is  forced  out  through  the  delivery  tabe,  and  may  be 
seen  babbling  through  the  water  in  the  inverted  bottle. 
At  the  end  of  the  experiment^  the  volume  of  water  in  the 
two-neoked  bottle  will  be  nearly  equal  to  the  volume  of  &\x 
in  the  inverted  bottta  This  clearly  shows  the  impene* 
trability  of  air. 

33.  What  la  Weight?— »"«itfAi  ia  (as  the  term 
is  generally  used)  the  measure  of  gravity  or  molar  at- 
traction (§  7)  of  which  it  is  a  necessary  consequence. 

{a.)  Ab  all  mssses  of  matter  exert  this  force,  weight  nec<«SMll} 
penaJDB  to  ail  matter ;  but.  in  general  nse,  the  term  weight  haa 
teferei.ce  to  bodies  upon  the  earth.  If  a  body  be  plained  near  the 
earth's  surface  asd  left  nusapported,  the  mass  attraction  of  the 
Willi  for  each  molecnle  la  the  bodr  wiU  dmw  the  two  together,  ftnd 
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tlie  body  is  said  to  fall  to  the  earth.  But  in  this  case  we  nave  no 
means  of  measuring  the  force  that  draws  the  two  bodies  together. 
If  now  the  body  be  supported,  the  force  acts  as  before  and  produces 
pressure  upon  the  supporting  substance.  This  pressure  measures 
the  attractive  force  acting  between  the  earth  and  the  lx)dy,  and  if 
called  weight.  If  a  second  body  like  the  first  be  placed  beside  it, 
the  mass  attraction  of  the  earth  is  exerted  upon  twice  as  many 
nolecules,  and,  reciprocally,  the  attraction  of  twice  as  many  molO' 
Miles  is  exerted  upon  the  earth;  ».  e.,  the  attraction  has  become  twice 
as  great,  and  the  measure  of  that  attraction,  or  the  weight,  has  been 
doubled. 

(&.)  If  the  same  body  were  upon  the  moon,  its  weight  would  be 
the  measure  of  the  attraction  existing  between  the  body  and  the 
moon.  But  as  the  mass  of  the  moon  is  less  than  that  of  the  earth, 
the  attraction  between  the  body  and  the  moon  would  be  less  than 
that  between  that  body  and  the  earthy  and  the  weight  would  be 
proportionally  diminished. 

34.  English  Measures  of  Weight.— For  the 

comparison  of  weights,  as  well  as  of  extension,  standards 
are  necessary.  In  England  and  the  United  States  the 
pound  is  taken  as  the  unit.  Unfortunately,  we  have 
pounds  Troy,  Avoirdupois,  and  Apothecaries',  the  use  vary- 
ing with  the  nature  of  the  transaction.  As  with  the  yard, 
these  units  are  arbitrary,  determined  by  certain  carefully 
preserved  standards. 

35.  Metric  Measures  of  Weight.  —  Ratio 
=  1 :  10. 

^Milligram     (mg.)  =    0.0154  grains 
Divisions.     -   Centigram    {eg,)    =    0.1543 
^  Decigram     (dg.)    =    1.548d 

UwiTfl.  Oram  (g.)      =  15.433 

Dekagram    (Dg.)  =    0.8527  oo.  avoirdupois. 

Hektogram  (ffg)  =    3.5274    " 

EUogram      (Kg.)  =    2.2046  lb«. 

Myriagram  (Afg.)  =  23.046      ** 


<« 


MULTIFLBS.   •• 


tt 
ft 
tt 


14  TBE  PROPERTIES  OF  MATTER. 

36.  What  is  a  Gram  ?  —  A  gram  is  the  weight 

of  one  cu,  cm,  of  pure  water,  at  its  temperature  of 

greatest  density  (4°  C.  or  39.2°  T.).  A  5-cent  nickel  coin 

weighs  5  g. 

Exercises. 

1.  How  much  water,  by  weight,  will  a  liter  flask  contain  ? 

2.  If  sulphuric  acid  is  1.8  times  as  heavy  as  water,  what  weight 
of  the  acid  will  a  liter  flask  contain  ? 

3.  If  alcohol  is  0.8  times  as  heavy  as  water,  how  much  will  1250 
cu,  cm,  of  alcohol  weigh  ? 

4.  What  part  of  a  liter  of  water  is  250  g.  of  water? 

5.  What  is  the  weight  of  a  mi,  dm,  of  water  ? 

6.  What  is  the  weight  of  a  dl,  of  water  ? 

37.  What  is  Indestructibility? — Indestructi- 
bility is  that  property  of  matter  by  virtue  of  which 
it  cannot  be  destroyed, 

(a.)  Science  teaches  that  the  universe,  when  first  hurled  into  space 
from  the  hand  of  the  Creator,  contained  the  same  amount  of  matter, 
and  even  the  same  quantity  of  each  element,  that  it  contains  to-day. 
This  matter  has  doubtless  existed  in  different  forms,  but  during  all 
the  ages  since,  not  one  atom  has  been  gained  or  lost.  Take  carbon 
for  instance.  From  geology  we  learn  that  in  the  carboniferous  age, 
long  before  the  advent  of  man  upon  the  earth,  the  atmosphere  was 
highly  charged  with  carbonic  acid  gas,  which,  being  absorbed  by 
plants,  produced  a  vegetation  rank  and  luxuriant  beyond  comparison 
with  any  now  known.  The  carbon  thus  changed  from  the  gaseous 
to  the  solid  form  was,  in  time,  buried  deep  in  the  earth,  where  it 
has  lain  for  untold  centuries,  not  an  atom  lost.  It  is  now  mined  as 
coal,  burned  as  fuel,  and  thus  transformed  again  to  its  original 
gaseous  form.  No  human  being  can  create  or  destroy  a  single  atom 
of  carbon  or  of  any  other  element.  Matter  is  indestructible. 
iVater  evaporates  and  disappears  only  to  be  gathered  in  clouds  ann 
condensed  and  fall  as  rain.  Wood  burns,  but  the  ashes,  smoke  and 
vapor  contain  the  identical  atoms  of  which  the  wood  was  composed. 
In  a  different  form,  the  matter  still  exists  and  weighs  as  much  as 
before  the  combustion. 

38.  Wliat  is  Inertia? — Inertia  is  that  prop- 
erty of  matter  by  virtue  of  which  it  is  incapable 
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vf  changing  its  condition  of  rest  or  motion,  or  the 
property  by  virtue  of  which  it  has  a  tendency  when  at 
rest  to  remain  at  rest^  or  when  in  motion  to  continue  in 
motion. 

(a.)  If  a  ball  be  thrown,  it  requires  external  force  to  put  it  in  mo* 
tion;  tbe  ball  cannot  put  itself  in  motion.  When  the  ball  is  passing 
•hrough  the  air  it  has  no  power  to  stop,  and  it  will  not  stop  until 
some  external  force  compels  it  to  do  so.  This  external  force  may 
be  the  bat,  the  catcher,  the  resistance  of  the  air,  or  the  force  of 
gravity.  It  must  be  something  outside  the  hall  or  the  ball  will  move 
on  forever.  Illustrations  of  the  inertia  of  matter  are  so  numerous 
that  there  should  be  no  difficulty  in  getting  a  clear  idea  of  this 
property.  The  "running  jump"  and  "dod^ng"  of  the  play- 
ground, the  frequent  falls  which  result  from  jumping  from  cars  in 
motion,  the  backward  motion  of  the  passengers  when  a  car  is  sud- 
denly started  and  their  forward  motion  when  the  car  is  suddenly 
stopped,  the  difficulty  in  starting  a  wagon  and  the  comparative  ease 
of  keeping  it  in  motion,  the  **  balloon"  and  ''  banner"  feats  of  the 
circus-rider,  etc.,  etc.,  may  be  used  to  illustrate  this  property  of 
matter. 

39.  Experiinent.^TJpon  the 

tip  of  the  fore-finger  of  the  left 
band,  place  a  common  calling-card. 
Upon  this  card,  and  directly  over 
the  finger,  place  a  cent.    With  the  fig.  3. 

nail  of  the  middle  finger  of  the 
right  hand  let  a  sudden  blow  or  "  snap  '*  be  given  to  the 
card.  A  few  trials  will  enable  you  to  perform  the  experi- 
ment so  as  to  drive  the  card  away,  and  leave  the  coin 
resting  upon  the  finger.  Repeat  the  experiment  with  the 
variation  of  a  bullet  for  the  cent,  and  the  open  top  of  a 
bottle  for  the  finger-tip. 

40.  What  is  Mobility  ?—Mohaity  is  that  prop- 
erty  of  matter  by  virtue  of  which  the  position  of 
'bodies  may  he  changed. 
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[a,)  A  body  is  any  separate  portion  of  matter,  be  it  large  or  small 
as  a  book,  a  table,  or  a  star.  The  term  is  nearly  synonymous  with 
mass,  but  has  not  so  distinct  a  reference  to  the  absolute  quantity  of 
matter.  Bodies  or  masses  are  composed  of  molecules  ;  moleculefl 
are  composed  of  atoms. 

(6.)  On  account  of  inertia,  the  body  cannot  change  its  own  po«d. 
tion  ;  on  account  of  mobility  any  mass  of  matter  may  be  moved  if 
sufficient  force  be  applied.  This  changing  of  position  is  called 
motion;  motion  presupposes  force.    (See  §  64.) 

41.  What  is  Divisibility  ? — Divisibility  is  thdt 
property  of  matter  by  virtue  of  which  a  body  may 
be  separated  into  parts. 

(a.)  Theoretically,  the  atom  is  the  limit  of  divisibility  of  mattes 
Practically  the  divisibility  of  matter  is  limited  before  the  molecule 
is  reached  ;  our  best  instruments  are  not  sufficiently  delicate,  oui 
best  trained  senses  are  not  acute  enough  for  the  isolation  or  percep- 
tion of  a  molecule.  Nevertheless,  this  divisibility  may  be  carried 
to  such  an  extent,  by  natural,  mechanical  (physical)  or  chemical 
means,  as  to  excite  our  wonder  and  test  the  powers  of  imagination 
itself.  It  is  said  that  the  spider's  web  is  made  of  threads  so  fine 
that  enough  of  this  thread  to  go  around  the  earth  would  weigh  but 
half  a  pound,  and  that  each  thread  is  composed  of  six  thousand  fila* 
ments.  A  single  inch  of  this  thread  with  all  its  filaments  may  be 
cut  into  thousands  of  distinct  pieces,  and  each  piece  of  each  fila- 
ment be  yet  a  mass  of  matter  composed  of  molecules  and  atoms. 
The  microscope  reveals  to  us  the  existence  of  living  creatures  so 
small  that  it  would  require  thousands  of  millions  of  them  to  aggre- 
gate the  size  of  a  hemp-seed.  Yet  each  animalcule  has  organs  of 
absorption,  etc. ;  in  some  of  these  organs  fluids  circulate  or  exist. 
How  small  must  be  the  molecules  of  which  these  fluid  masses  are 
composed  I  What  about  the  size  of  the  atoms  which  constitute  the 
molecules  ?  A  coin  in  current  use  loses,  in  the  course  of  p.  score  of 
years,  a  perceptible  quantity  of  metal  by  abrasion.  What  finite 
mind  can  form  a  clear  idea  of  the  amount  of  metal  rubbed  oft  at 
each  transfer  ? 

42.  What  is  Porosity? — Porosity  is  thatprop^ 
erty  of  matter  by  virtue  of  which  spaces  exlsi 
between  the  molecules. 
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(a.)  When  iron  is  heated,  the  molecules  are  pushed  further  apart, 
the  pores  are  enlarged,  and  we  say  that  the  iron  has  expanded.  If 
apiece  of  iron  or  lead  be  hammered,  it  will  be  made  smaller,  because 
the  molecules  are  forced  nearer  together,  thus  reducing  the  size  of 
the  pores.  Cavities  or  cells,  like  those  of  bread  or  sponge,  are  some- 
times spoken  of  as  "sensible  pores/'  but  these  are  not  properly  in 
duded  under  this  head. 

43.  What  is  Compressibility  ?—CIo7n.;t?re55iJiZ' 

ity  is  that  property  of  matter  by  virtue  of  which 
a  body  may  be  reduced  in  size. 

4A.  Whsit  is  Expansibility  ?—jKr;?an.5f6iW^  is 

that  property  of  matter  by  virtue  of  which  a  body 
may  be  increased  in  size. 

(a.)  Ck>mpressibil]ty  and  expansibility  are  the  opposites  of  eacli 
other,  resulting  alike  from  porosity.  Illustrations  have  been  given 
under  the  head  of  porosity.  Let  each  pupil  prove  by  experimenf 
that  air  is  compressible  and  expansible. 

45.  What    is  Elasticity  ?—^?a5^ci^  is  that 

property  of  matter  by  virtue  of  which  bodies  resume 

their   original  form   or  size  when   that  form  or 

size  has  been  changed  by  any  external  force, 

(a.)  All  bodies  possess  this  property  in  some  degree,  because  al] 
bodies,  solid,  liquid  or  aeriform,  when  subjected  to  pressure  (within 
limits  varying  with  the  substance),  will  resume  their  original  size 
upon  the  removal  of  the  pressure.  The  amount  of  compression  mat- 
ters not  except  in  the  case  of  solids.  It  was  formerly  thought  that 
liquids  were  incompressible ;  hence  aeriform  bodies  were  called 
elastic  fluids,  while  liquids  were  called  non-elastic  fluids.  But  the 
compressibility  and  perfect  elasticity  of  liquids  having  been  shown, 
the  term  **  non-elastic  fluid  "  involves  a  contradiction  of  terms  and 
would  better  be  dropped.  Fluids  have  no  elasticity  of  form  ;  on 
the  other  hand,  all  fluids  have  perfect  elasticity  of  size.  What 
properties  of  matter  are  illustrated  by  the  action  of  the  common 
pop-gun? 

46.  What  are  Cohesion  and  Adhesion?— 

Cohesion  is  the  force  that  holds  together  like  waAc^ 
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cubes;    adhesion   is   the  force   that   holds  together 
unlike  molecules, 

{a.)  Cohesion  is  the  force  that  holds  most  substances 
together  and  gives  them  form.  V^ere  cohesion  suddenly 
to  cease,  brick  and  stone  and  iron  would  crumble  to  finest 
Fir  A  powder,  and  all  our  homes  and  cities  and  selves  fall  to 
hopeless  ruin.  In  aeriform  bodies,  cohesion  is  not  ap- 
parent, being  overcome  by  molecular  repulsion  (heat).  In 
large  masses  of  liquids  the  cohesive  force  is  overcome  by  gravity, 
which  tends  to  bring  all  the  molecules  as  low  as  possible  and  thus 
renders  their  surfaces  level.  But  in  small  masses  of  liquids,  the 
cohesive  force  predominates  and  draws  all  the  molecules  as  near 
each  other  as  possible,  and  thus  gives  to  each  mass  the  spheroidtil 
form,  as  in  the  case  of  the  dew  or  rain-drop.  Globules  of  mercury 
upon  the  hand  or  table,  and  drops  of  water  upon  a  heated  stove,  are 
familiar  illustrations  of  this  effect  of  cohesion  upon  small  liquid 
masses.  But  in  tlie  solid  state  of  matter,  coliesion  shows  most 
clearly.  Cohesion  acts  only  at  insensible  (molecular)  distances.  Let 
the  parts  of  a  body  be  separated  by  a  sensible  distance,  and  cohesion 
ceases  to  act ;  we  say  tliat  the  body  is  broken.  If  the  molecules  of 
the  parts  can  again  be  brouglit  witliin  molecular  distance  of  each 
other,  coliesion  will  again  act  and  hold  them  there.  This  may  be 
done  by  simple  pressure,  as  in  the  case  of  wax  or  freshly-cut  lead ; 
it  may  be  done  by  welding  or  melting,  as  in  the  case  of  iron.  Cir- 
cular plates  of  glass  or  metal,  about  three  inches  in  diameter,  often 
have  their  faces  so  accurately  fitted  to  each  otlier  that,  when  pressed 
together,  a  considerable  force  is  needed  to  separate  them.  (See 
Fig.  4.) 

(6.)  Adhesion  is  the  force  that  causes  the  pencil  or  crayon  to  leave 
traces  upon  the  paper  or  blackboard,  and  gives  efficacy  to  paste, 
glue,  mortar  and  cements  generally.  In  a  brick  wall,  cohesion  binds 
together  the  molecules  of  the  mortar  layer  into  a  single,  hardening 
mass,  while  on  either  hand  adliesion  reaches  out  and  grasps  the  ad- 
joining bricks  and  holds  them  fast — a  solid  wall.  Like  cohesion,  it 
acts  only  through  distances  too  small  to  be  measured  ;  unlike  cohe- 
sion, it  acts  between  unlike  molecules. 

47.  What  is  Hardness? — Hardness  is  that 
property  of  matter  hy  virtue  of  ivhich  some  bodies 
resist  any  attempt  to  force  a  passage  between  their 
particles. 
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It  is  measured  by  the  degree  of  difficulty  with  which  it 
is  scratched  by  another  substance.  Fluids  are  not  said  to 
have  hardness. 

(a.)  Hardness  does  not  imply  density.  The  diamond  is  mack 
harder  than  gold,  but  gold  is  four  times  as  dense  as  diamond. 

48.  What  is  Tenacity  ?^Tenacity  is  that  prop 
erty  of  matter  by  virtue  of  which  some  bodies  re- 
sist a  force  tending  to  puU  their  particles  asunder^ 

(a.)  Like  hardness  and  the  other  characteristic  properties  of 
matter,  it  is  a  variety  of  cohesion  which  is  the  general  term  for  the 
force  which  holds  the  molecules  together  and  prevents  disintegration. 
The  tenacity  of  a  substance  is  generally  ascertained  by  shaping  it  in 
the  form  of  a  rod  or  wire,  the  area  of  wnose  cross-section  may  be 
accurately  measured.  Held  by  one  end  in  a  vertical  position,  the 
greatest  weight  which  the  rod  will  support  is  the  measure  of  its 
tenacity.  For  any  given  material,  it  has  been  found  that  t?ie  tenacity 
is  proportioned  to  the  area  of  the  cross-section  ;  e,  g.,  a  rod  with  a  sec- 
tional area  of  a  square  inch  will  carry  twice  as  great  a  load  as  a 
rod  of  the  same  material  with  a  sectional  area  of  a  half  square  inch; 
a  rod  one  decimeter  in  diameter  will  carry  four  times  as  great  a  load  as 
a  similar  rod  five  centimeters  in  diameter.  The  explanation  of  this  is 
simple ;  imagine  these  rods  to  be  cut  across,  and  it  will  be  evident 
that,  on  each  side  of  the  cut,  the  first  rod  will  expose  the  surfaces 
of  twice  as  many  molecules  as  will  the  second,  and  that  the  third 
will  expose  four  times  as  many  molecular  surfaces  as  the  fourth. 
But  for  the  same  material,  each  molecule  has  the  same  attractive 
force.  Doubling  the  number  of  these  attractive  molecules,  which 
is  done  by  doubling  the  sectional  area,  doubles  the  total  attractive 
or  cohesive  force,  which,  in  this  case,  is  called  tenacity ;  quadru- 
pling the  sectional  area  quadruples  the  tenacity.  Hence  the  law  : 
Tenacity  is  proportioned  to  the  sectional  area. 

49.  Wliat  is  Brittleness  ?— ^ri^ZeT^ess  is  that 
property  of  matter  by  virtue  of  which  some  bodies 
may  be  easily  broken,  as  by  a  blow, 

(a.)  Glass  furnishes  a  familiar  example  of  this  property.  The 
idea  that  brittleness  is  the  opposite  of  hardness,  elasticity  or  tenac- 
ity,  should  be  guarded  against.    Glass  is  harder  than  wood«  but 


20 


THE  PROPERTIES  OF  MATTER. 


very  brittle ;  it  is  very  elastic,  but  very  brittle  also.    Steel  is  fs 
more  tenacious  than  lead,  and  far  more  brittle. 

50.  What    is    Malleability  "i'—Malleahility  U 

that  property  of  matter  hy  viri^ue  of  which  some 

bodies  may  he  rolled  or  hammered  into  sheets. 

(a.)  Steel  has  been  rolled  into  sheets  thinner  than  the  paper  upon 
which  these  words  are  printed.  Gold  is  the  most  malleable  metals 
and,  in  the  form  of  gold  leaf,  has  been  beaten  so  thin  that  282^000 
sheets,  placed  one  upon  the  other,  would  measure  but  a  single  inch 
in  height. 

51.  What  is  Ductility  ?— Ductility  is  that 
property  of  matter  by  virtue  of  which  some  bodies 
m^ay  be  drawn  into  wire. 

(o.)  Platinum  wire  has  been  made  j^jshiSTs  ^^  ^^  l^ch  in  diameter. 
Glass,  when  heated  to  redness,  is  very  ductile. 

53.  Experimeut. — Heat  the  middle  of  a  piece  of 
glass  tubing,  about  six  inches  long,  in  an  alcohol  flame^ 
until  red-hot  Roll  the  ends  of  the  glass  slowly  between 
the  fingers,  and  when  the  heated  part  is  soft,  quickly  draw 
the  ends  asunder.  That  the  fine  glass  wire  thus  produced 
is  still  a  tube,  may  be  shown  by  blowing  through  it  into  a 
glass  of  water,  and  noticing  the  bubbles  that  will  rise  to 
the  surface. 

Recapitulation. — To  be  reproduced  and  amplified 
by  the  pupil  from  memory. 

f  Extensiofiy  Impenetrabil» 
ity^  Weighty  IndestruC'' 
tibility^  Inertia^  Mobil* 
ity^  Divisibility^  Po^ 
rosity^  Compressibiiiiy^ 
Expansibility^  El€» 
ticity. 
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THE  THREE    CONDITIONS  OF  MATTER. 

63.  Conditions  of  Matter. — Matter  exists  in 
three  conditions  or  forms— the  solid,  the  liquid, 
and  the  aeriform. 

54.  What  is  a  Solid  ? — vi  solid  is  a  body  whose 
m/olecules  change  their  relative  positions  with 
difftculty. 

Such  bodies  have  a  strong  tendency  to  retain  any  form 
that  may  be  given  to  them.  A  movement  of  one  part  of 
such  a  body  produces  motion  in  all  of  its  parts. 

55.  What  is  a  Liquid?—^  liquid  is  a  body 
whose  molecules  easily  change  their  relative  po- 
sitions, yet  tend  to  cling  together. 

Such  bodies  adapt  themselves  to  the  form  of  the  vessel 
containing  them,  but  do  not  retain  that  form  when  the 
restraining  force  is  removed.  They  always  so  adapt  them- 
selves as  to  have  their  free  surfaces  horizontal.  Water 
is  the  best  type  of  liquids. 

56*  Experiment. — Sus- 
pend a  glass  or  metal  plate, 
of  about  four  inches  area, 
from  one  end  of  a  scale-beam, 
and  accurately  balance  tlie 
same  with  weights  in  the  oppo- 
site scale-pan.  The  support- 
ing cords  may  be  fastened  to 
the  plate  with  wax.    Beneath  Fiq.  5. 
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the  plate  place  a  saucer  so  that  when  the  saucer  is  filled 
with  water  the  plate  may  rest  upon  the  liquid  surface^  the 
scale-beam  remaining  horizontal.  Carefully  add  small 
weights  to  those  in  the  scale-pan.  Notice  that  the  watei 
beneath  the  plate  is  raised  above  its  level.  Add  mort 
/.veights  until  the  plate  is  lifted  from  the  water.  Notice 
that  the  under  sur£a>ce  of  the  plate  is  wet.  These  mole- 
cules on  the  plate  have  been  torn  from  their  companions 
in  the  saucer.  The  weights  added  to  the  original  coun- 
terpoise were  needed  to  overcome  the  tendency  of  the 
water  molecules 'to  cling  together. 

Note  to  tJie  PupU, — After  sefcing  a  physical  experiment,  always  ask 
yourself,  •*  What  was  the  object  of  that  experiment?  What  does  it 
teach  ?  "  Never  allow  ycureelf  to  look  upon  an  experiment  as  bein^ 
simply  entertaining ;  thus  reducing  the  experimenter,  eo  far  as  yon 
wre  concerned,  to  the  level  of  a  showman. 

57.  What  is  an  Aeiifonn   Body?— ^n.  (lerir 

form  body  is  one  whose  molecules  easily  change 
their  reldtive  positions^  and  tend  to  separate  from 
each  other  alm^ost  indefinitely. 

Atmospheric  air  is  the  best  type  of  aeriform  bodies. 

58.  Gases  and  Vapors. — Aeriform  (having  the 
form  of  air)  bodies  are  of  two  kinds,  gases  and  vapors 
Gases  remain  aeriform  under  ordinary  conditions,  although 
they  may  be  liquefied  by  intense  cold  and  pressure. 
Vapors  are  aeriform  bodies  produced  by  heat  from  sub- 
stances that  are  generally  solid  or  liquid,  as  iodine  or 
water.  They  resume  the  solid  or  liquid  form  at  ordinary 
temperatures. 

J9.  Changes  of  Condition. — The  same  substance 
maj  exist  in  two  or  even  three  of  these  forms.     Mask 


dBB  THREE  CONDITIONS  OF  XATTEJU  98 

M>lid%  as  lead  and  iron,  may  be  changed  by  heat  to  liqmdBi 
others,  as  iodine,  may  be  apparently  changed  directly  to 
vapors ;  still  others,  as  ice,  may  be  easily  changed  first  to 
the  liquid,  and  then  to  the  vapor  form.  It  is  probable  that 
uiy  solid  might  be  .liquefied  and  vaporized  by  the  applica* 
tion  of  heat,  and  that  the  practical  infusibility  of  certain 
substances  is  due  to  our  limited  abilities  in  the  production 
of  heat. 

(a.)  Many  vapors  and  gases,  as  steam  and  snIpliniotUB  anhydride 
|S0,  ,the  irrespirable  gas  f onned  by  burning  8alpliur),may  be  liquefied 
by  coldy  the  withdrawal  of  heat.  The  process  is  one  of  subtraction 
A  still  farther  diminution  of  the  heat  force  would,  in  many  casea 
lead  to  a  solidifying  of  the  liqaid.  It  is  probable  that  all  gase;/ 
night  be  liquefied  and  all  liquids  solidified^  if  we  \aA  the  power  (4 
ualimited  withdrawal  of  heat.  In  fact,  the  last  of  the  "  permanent 
gases "  has  Jeen  liquefied  already. 

(&.)  Recent  experiments  with  electric  discharges  in  high  vacuums 
(Exp.  71,  p.  350),  have  yielded  remarkable  results  which  are  held,  by 
some,  to  show  the  existence  of  a  fourth  condition  of  matter.  For 
matter  in  this  "ultra-gaseous''  state,  the  name  '* Radiant  Matter" 
has  been  proposed. 

60.  What  is  a  Fluid  1—A  fluid  is  a  body  whose 
molecules  easily  change  their  relative  positions. 

The  term  comprehends  liquids,  gases,  and  vapors. 

{a.)  In  a  liquid,  cohesion  is  more  powerful  than  repulsion  ;  in  an 
a§riform  body,  repulsion  is  the  more  powerful.  The  cbange  from 
the  liquid  to  the  aeriform  condition  is  caused  by  an  iocrease  of  the 
velocity  of  the  constituent  molecules,  such  increase  of  velocity  being 
a  thermal  efiect. 

61.  Optional  Definitions. — (1.)  A  body  possessing  any 
degree  of  elasticity  of  form  (§  45)  is  a  solid  ;  a  body  that  possesses 
no  elasticity  of  form  is  a  fluid. 

^.)  A  body  that  can  exist  in  equilibrium  under  the  action  of  a 
pressure  that  is  not  uniform  in  all  directions  is  a  solid ;  a  body  that 
cannot  exist  in  equilibrium  under  such  conditions  is  a  fluid. 
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(3.)  A  fluid  that  can  expand  indefinitely  so  as  to  fill  any  v^essel, 
however  large,  is  an  aeriform  body ;  a  fluid,  a  small  portion  of  which, 
when  placed  in  a  large  vessel,  does  not  expand  at  once  so  as  to  fill 
the  vessel,  but  remains  collected  at  the  bottom,  is  a  liquid. 

(4)  A  body  that  has  a  definite  volume  and  form  is  a  solid ;  a  body 
that  has  a  definite  volume  and  an  indefinite  form  is  a  liquid ;  a  body 
1hat  has  an  indefinite  volume  and  form  is  aeriform. 

(5.)  A  gas  is  an  easily  compressible  fluid. 


62.  Kinetic  Tlieory  of  Gases.— A  perfect  gas 
consists  of  free,  elastic  molecules  in  constant  motion. 
Each  molecule  moves  in  a  straight  line  and  with  a  uni- 
form velocity  until  it  strikes  another  molecule  or  the  ves- 
sel in  which  the  gas  is  contained.  The  blows  that  the 
molecules  thus  strike  upon  the  vessel  are  so  numerous 
that  their  total  effect  is  a  continuous,  constant  force  or 
vressure,     (See  §  269.) 

{a.)  The  mean  velocity  of  a  hydrogen  molecule  has  been  deter- 
mined as  184260  cm.  (or  more  than  a  mile)  per  second  If  its 
weight  were  known,  the  work  that  it  can  do  might  be  easily  com- 
puted (§  157).  The  molecules  of  other  aeriform  substances  move 
with  smaller  velocities.  From  these  molecular  motions  arises  the 
phenomenon  known  as  the  diffusion  of  gases. 

Recapitulation. — To  be  reproduced,  upon  paper  oi 
the  blackboard,  by  each  pupil, 
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ECTION  I. 
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FORCE   AND    MOTION. 

63.  Dynamics. — Dynamics  is  that  branch  of 
physics  which  treats  of  forces  and  their  effects. 

These  effects  may  be  of  two  kinds. 

(a.)  The  forces  employed  may  be  counterbalanced.  If  they  thus 
act  upon  a  body  at  rest,  that  body  will  remain  at  rest;  if  they  act 
upon  a  body  in  motion,  the  motion  will  not  be  changed  thereby. 
The  branch  of  dynamics  that  treats  of  forces  thus  balancea  is  called 
Statics, 

(&.)  The  forces  employed  may  act  against  the  inertia  of  matter 
(§  38),  and  produce  motion  or  change  of  motion.  The  branch  of 
dynamics  that  treats  of  forces  thus  used  is  called  Kinetics.  If  we 
have  a  problem  relating  to  the  forces  that  may  produce  equilibrium 
in  a  lever,  as  in  the  act  of  weighing  goods,  it  is  a  static  problem; 
if  a  problem  refer  to  the  velocity  of  a  falling  body,  or  the  amount 
of  work  that  may  be  done  by  the  uncoiling  of  a  watch-spring,  it  Is 
a  kinetic  problem. 

Note. — No  attempt  will  be  made    to   maintain  the  distinction  be- 
tween the  static  and  kinetic  effects  of  forces. 

64.  What  is  Force  ? — The  ^ori.  force  is  difficult 
of  satisfactory  definition.    As  generally  used,  it  signifies 
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any  cause  that  tends  to  produce,  change  or  destroy 
motion. 

It  follow.-:  from  inertia  that  bodies  are  incapable  of 
changing  their  condition  of  rest  or  motion.  Any  cause 
capable  of  producing  a  tendency  to  change  either  of  these 
conditions,  is  called  a  force.  Equal  forces  will  produce 
equal  velocities  when  applied  to  the  same  body  for  the 
same  time. 

(a,)  We  say  that  the  tendency  of  a  force  acting  on  a  body  at  rest 
is  to  move  it.  Motion  wiU  be  produced  if  the  body  is  free  to  move 
This  motion  may  be  prevented  by  the  simultaneous  action  of  another 
force  or  of  other  forces.  Or  the  body  may  be  fixed  so  that  a  given 
pull  or  pressure,  t*.  e.,  the  application  of  force,  will  produce  no 
motion.  In  this  case,  opposing  forces  are  called  into  action  as  soon 
AS  the  given  force  begins  to  act,  and  thus  the  new  force  is  neutralized. 
For  ID  •stance,  a  small  boy  may  exert  all  of  his  muscular  power  upon 
a  large  stone  and  not  lift  it  at  aU.  The  force  employed  produces  no 
motion.  The  attraction  between  the  earth  and  the  stone  (§  33)  is  a 
force  acting  in  a  downward  vertical  direction.  This  force  is  exactly 
balanced  by  the  upward  pressure  of  the  supporting  earth  or  floor 
(§  93).  If  the  stone  weighs  two  hundred  pounds  and  the  boy  lifts 
fifty  pounds,  the  supporting  body  exerts  an  upward  pressure  of  only 
one  hundred  and  fifty  pounds.  One  quarter  of  the  weight  of  the 
0tone  or  a  downward  force  of  fifty  pounds  is  thus  liberated  or  called 
into  play  by  the  very  act  of  lifting  with  a  force  of  fifty  pounds. 
Hence  no  motion  is  produced,  because  an  opposing  force  is  called 
into  action  as  soon  as  the  given  force  begins  to  act,  and  thus  the 
new  force  is  neutralized. 

(&.)  In  this  case,  the  greatest  opposing  force  that  can  be  set  free 
or  called  into  play  is  a  force  of  two  hundred  pounds,  the  full  weight 
of  the  stone.  If,  therefore,  the  stone  be  lifted  with  a  force  of  more 
fchan  two  hundred  pounds,  the  new  force  can  not  be  wholly  neutralized 
and  motion  will  take  place.  If  the  body  be  free  to  move,  the  smallest 
conceivable  force  will  overcome  the  inertia  and  produce  motion. 

65.  Elements  of  a  Force. — In  treating  of  forces, 
we  have  to  consider  three  things : 

(1.)  The  point  of  application,  or  the  point  at  which 
the  force  acts. 
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(2.)  The  direction^  or  tlie  right  line  along  which  it 
tends  to  move  the  point  of  application. 

(3,)  The  magnitude  or  value  when  compared  with  a 
given  standard,  or  the  relative  rate  at  which  it  ifi 
able  to  produce  motion  in  a  body  free  to  move. 

66.  Measurement  of  Forces.— It  frequently  la 
desirable  to  compare  the  magnitudes  of  two  or  more  forces. 
That  they  may  be  compared,  they  must  be  measured ;  that 
they  may  be  measured,  a  standard  of  measure  or  unit  of 
force  is  necessary.  When  this  unit  has  been  determined 
upon,  the  value  of  auy  given  force  is  designated  by  a  nn* 
inerical  reference  to  the  unit,  just  as  we  refer  quantities  ol 
weight  to  the  kilogram  or  pound,  or  quantities  of  distance 
to  the  meter  or  yard.  The  magnitude  of  any  force  may  be 
Pleasured  by  either  of  two  units,  which  we  shall  now  con* 
sider. 

67.  The  Gravity  Unit.— The  given  force  may  be 
measured  by  comparing  it  with  the  gravity  of  some  known 
quantity  or  mass  of  matter.  This  is  a  very  simple  and 
convenient  way,  and  often  answers  every  purpose.  Th^ 
gravity  unit  of  force  is  the  gravity  of  any  unit  of 
mass.  This  unit  of  mass  may  be  a  gram,  kilogram, 
pound,  or  ton,  or  any  other  unit  that  may  be  more  con- 
venient under  the  circumstances.     (See  §  102.) 

{a)  A  force  is  said  to  be  a  force  of  100  kilograms  when  ft  may  fco 
replaced  by  the  action  of  a  weight  of  100  kilograms.  The  pressure 
of  steam  in  a  boiler  is  generally  measured,  at  present,  in  pounds  pef 
square  inch,  that  is,  by  determining  the  number  of  pounds  with 
which  it  would  be  necessary  to  load  down  a  movable  horizontal 
square  inch  at  the  top  of  the  boiler  in  order  to  keep  it  in  place 
against  the  pressure  of  the  steam.  A  cord  or  rope  may  be  puUed 
with  a  certain  force.    This  force  is  measured  by  finding  out  ho^ 
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many  pounds  suspended  by  the  cord  or  rope  would  give  it  an  equal 
pull  or  tension. 

(p.)  As  we  shall  see,  the  force  of  gravity  exerted  upon  a  given 
mass  is  variable.  A  given  piece  of  iron  would  weigh  more  at  the 
poles  than  at  the  equator.  Other  variations  in  the  force  of  gravity 
are  known.  When,  therefore,  scientific  accuracy  is  required,  it  will 
not  suffice  to  speak  of  a  force  of  ten  pounds,  but  we  may  speak  of  a 
force  of  ten  pounds  at  the  sea-level  at  New  York  City. 

68.  The  Absolute  JJjiit.—The  absolute  or  ki- 
netic unit  of  force  is  the  force  that,  acting  for  unit 
of  time  upon  unit  of  mass,  wiZl  produce  unit  of 
acceleration  (i,  e.,  gain  of  velocity). 

The  foot-pound-second  (F.  P.  S.)  unit  of  force  is  the 

force  that,  applied  to  one  pound  of  matter  for  one  sec- 
ond, will  produce  an  acceleration  of  one  foot  per  second. 
It  is  called  a  poundal. 

(a.)  Gravity  units  may  easily  be  changed  to  kinetic  units.  At  the 
latitude  of  New  York,  the  force  of  gravity  acting  upon  one  pound  of 
matter  left  free  to  fall  will  give  it  acceleration  of  32.16  ft.  per  second 
for  every  second  that  it  acts.  Consequently,  at  such  latitudes,  the 
gravity  unit  is  equal  to  32.16  kinetic  units. 

69,  The  Dyne. — Instead  of  using  an  unit  of  force 
based  upon  the  foot  and  pound,  scientific  men  gener- 
ally use  a  similar  unit  based  upon  the  centimeter  and 
gram.      This    unit    is   called    a    dyne.     The  dyne  is 

the  force  that,  a^cting  for  one  second  upon  a  mass 
of  one  gram,  produces  an  acceleration  of  one  centi- 
meter per  second. 

(a.)  A  force  is  measured  in  dynes  by  multiplying  the  number  of 
grams  moved  by  the  number  representing  the  acceleration  produced 
(in  centimeters  per  second).  The  acceleration  may  be  determined  by 
dividing  the  total  velocity  that  the  force  has  produced  by  the  number 
of  seconds  that  the  force  has  acted. 

Dynes  —  grams  x  acceleration—  grams  x  seconds  velocity.  As  the  in- 
crement of  velocity  (§  127)  is  980  cm.,  the  weight  of  a  gram  corresponds 
to  a  force  of  980  dynes. 

(&.)  The  several  units  based  upon  the  centimeter,  gram  and  second. 
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•oostttnte  ft  dasB  called  (from  the  Initial  lettera  of  these  woidil 
C.  G.  &  Units.    Thus  the  dyne  is  the  C.  G.  S.  unit  of  force. 

JMe  to  the  Pupil, — ^We  have  been  speaking  of  unit  of  mass,  and 
jou  have  probably  had  no  difficulty  in  understanding  that,  by  tliis 
term,  a  certain  definite  quantity  of  matter  is  meant.  This  certain 
quantity  may  be  an^  quantity  that  we  agree  upon  as  a  unit  oi 
measure.  In  this  country  we  have,  as  yet,  no  commonly  accepted 
unit  of  mass.  In  countries  where  the  metric  system  of  weights 
•nd  measures  is  used,  the  unit  of  mass  is  the  quantity  of  matter 
contained  in  one  cu,  em.  of  pure  water  at  its  temperature  of  greatesi 
density.  It  will  be  seen  that  this  definition  is  independent  of  gravity, 
and  that  it  holds  good  for  matter  anywhere.  The  quantity  of  matter 
ia  the  unit  thus  defined  is  invariable,  while  the  gram,  which  is  its 
weight  (§  80),  is  variable.  But  notwithstanding  this,  at  any  given 
place,  weight  is  proportional  to  mass,  and  we,  therefore,  conveniently 
use  weight  as  a  means  of  estimating  mass.  We  speak  without  any 
considerable  ambiguity  of  a  pound  of  matter,  because  we  know  that 
ft  mass  that  weighs  two  pounds  at  the  same  place  lias  just  twice  ae 
mudi  matter  as  the  first,  which  we  may  take  as  a  convenient  unit  cl 


70«  Momentum. — The  momeniuTn  of  a  body  is 
its  quantity  of  motion. 

Its  measure  is  the  product  of  the  numbers  representins 
the  mass  and  the  velocity. 

(a.)  One  tendency  of  force  is  to  produce  motion.  In  a  given 
time,  two  units  of  force  will  produce  twice  as  much  motion  as  one 
unit.  This  doubled  momentum  or  quantity  of  motion  may  exist  in 
two  units  of  mass  having  one  unit  of  velocity,  or  in  one  unit  of 
mass  with  two  units  of  velocity.  The  momentum  of  a  body  having 
a  mass  of  20  pounds  and  a  velocity  of  15  feet,  is  twice  as  great  as 
that  of  a  body  having  a  mass  of  5  pounds  and  a  velocity  of  80  ft. 
The  momentum  of  the  former  is  300 ;  that  of  the  latter,  150.  Mo^ 
mentum  has  reference  only  to  force  and  inertia.  Therefore,  when 
acting  upon  bodies  free  to  move,  equal  forces  will  produce  equal 
momenta  whether  the  bodies  acted  upon  be  light  or  heavy.  The 
unit  of  momentum  has  no  definite  name. 

71.  Experiment. — Figure  6  represents  a  piece  of 
apparatus^  devised  by  Ritchie  of  Boston.     It  consists  of 


so 
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two  ball  pendulums,  one  of  which  weighs  twice  as  much 

as  the  other^  suspended  aa 
represented.  The  heavier  ball 
contains  a  spring-hammer, 
which  is  held  back  by  a  thread. 
The  hammer  being  thus  held 
back,  and  the  smaller  ball 
resting  against  its  face,  the 
thread  is  burned,  a  blow  is 
struck,  and  an  equal  force  ia 
exerted  upon  each  ball  (§§  72 
[3]  and  93).  The  smaller  ball 
will  move  twice  as  fast  and 
twice  as  far  as  the  larger  ball, 


Fig.  6. 


equal  forces  producing  equal  momenta. 


EXERCISEa 


1.  Find  the  momentuin  of  a  500  lb.  ball  moving  500  feet  a  seoond 

2.  By  falling  a  certain  time,  a  200  lb.  ball  has  acquired  a  velodtj 
•f  321.6  ft.    What  is  its  momentum? 

8.  A  boat,  that  is  moving  at  the  rate  of  5  miles  an  hour,  weighfl 
4  tons ;  another,  that  is  moving  at  the  rate  of  10  miles  an  hour, 
weighs  2  tons.     How  do  their  momenta  compare  ? 

4.  What  is  meant  by  a  force  of  10  pounds?  To  how  many  P.  P.  S. 
nnits  is  it  equal  ? 

5.  A  stone  weighing  12  oz.  is  thrown  with  a  velocity  of  1320  ft 
per  minute.  An  ounce  ball  is  shot  with  a  velocity  of  15  miles  pel 
minute.    Find  the  ratio  between  their  momenta. 

6.  An  iceberg  of  50,000  tons  moves  with  a  velocity  of  2  miles  an 
hour ;  an  avalanche  of  10,000  tons  of  snow  descends  with  a  velodtf 
of  10  miles  an  hour.     Which  has  the  greater  momentum  ? 

7.  Two  bodies  weighing  respectively  25  and  40  pounds  have  equal 
momenta.  The  first  has  a  velocity  of  60  ft.  a  second  ;  what  is  the 
velocity  of  the  other  ? 

8w  Two  balls  have  equal  momenta.    The  first  weighs  100  kilo 
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grams  and  moves  with  a  velocity  of  20  meters  a  second.    The  otaei 
moves  with  a  velocity  of  500  meters  a  second.    What  is  its  weight  1 

9.  A  force  of  1000  dynes  acts  on  a  certain  mass  for  one  second  and 
gives  it  a  ve^jcity  of  20  cm.  per  second.  Wliat  is  the  mass  in 
grams?  Ans,  50. 

10.  A  constant  force,  acting  on  a  mass  of  12  g.  for  one  second 
gives  it  a  velocity  of  6  cm.  per  second.    Find  the  force  in  dynes. 

11.  A  force  of  490  dynes  acts  on  a  mass  of  70  g.  for  one  second 
What  velocity  will  be  produced  ?  Ans,  7  cm.  per  second. 

12.  Two  bodies  start  from  a  condition  of  rest  and  move  towards 
each  other  nnder  the  influence  of  their  mutual  attraotion  (§§  7  and 
98).  The  first  has  a  mass  of  1  g. ;  the  second,  a  mass  of  100  g.  The 
force  of  attraction  is  y^  dyne.  What  will  be  the  velocity  aoqaired 
by  each  during  one  second  ? 

73.  Laws  of  Motion. — The  following  propositions, 
known  as  Newton's  Laws  of  Motion,  are  so  important  and 
|o  famous  in  the  history  of  physical  science  that  the} 
ought  to  be  remembered  by  every  student : 

(U  Every  body  continues  in  its  state  of  rest  of 
of  uniform  motion  in  a  straight  line 
unless  compelled  to  change  that  state  by 
an  external  force. 

(2 J  Every  m^otion  or  change  of  motion  is  in  the 
direction  of  the  force  iw/pressed  and  is 
proportionate  to  it, 

(3J  Action  and  reaction  are  equal  and  opposite 

in  direction. 

73.  The  First  Law.— The  first  law  of  motion  re- 
suits  directly  from  inertia  (§  38).  It  is  impossible  to 
furnish  perfect  examples  of  this  law  because  all  thingi 
within  our  reach  or  observation  are  acted  upon  by  some 
external  force.  A  base-ball  when  once  set  in  motion  has 
no  power  to  stop  itself  (§  38,  a).     If  it  moved  in  obo- 
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dienoe  to  the  moscalar  impulse  only,  its  motLdi  would  ^ 
in  a  atraight  line ;  but  the  force  of  gravity  is  ever  achre, 
and  constantly  turns  it  firom  that  lin^  and  forces  it  to 
move  in  a  graceful  cuTTe  instead. 


74.  CentriAigal  Force.— Although  it  is  obviously 
impossible  to  ^ve  any  direct  experimental  proof  of  the  firat 


Fig.  j. 

law  <rf  motion,  we  see  many  illnstrations  of  the  tendency 
of  moving  bodies  to  move  in  straight  lines  even  when 
forced  to  move  in  cnrved  lines.  A  curved  line  may  he 
considered  a  series  of  in6nite]y  small  straight  lines.  A 
body  moving  in  a  curve  has,  by  virtne  of  its  inertia,  a 
.sndency  to  follow  the  prolongation  of  the  small  straight 
line  in  which  it  chances  to  he  moving.  Such  a  prolonga- 
Hon  becomes  a  tangent  to  the  curve,  to  move  in  which  a 
body  must  fly  further  from  the  centre.    This  tenderiey 
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of  matter  to  move  in  a  straight  line,  and,  eonse* 
quenUy,  further  away  from  the  centre  around 
which  it  is  revolving,  is  called  Centrifugal  Force, 
from  the  Latin  words  which  mean  to  fly  from  the  centre. 
The  "laws '^  of  this  "centrifugal  force"  may  be  studied 
or  illustrated  by  the  whirling-table  and  accompanying 
apparatus,  represented  in  Figure  7.    (See  §  77.) 

YS.  Caution. — ^It  is  to  be  noticed  that  this  so-called 
*' Centrifugal  Force'*  is  not  a  force  at  all.  It  is 
simply  inertia  manifested  under  special  conditions.  It  ig 
one  of  the  universal  properties  of  matter  by  virtue  of 
which  the  body  shows  a  decided  determination  to  obey 
the  first  law  of  motion.  The  facts  of  the  case  are  the 
direct  opposite  of  those  implied  by  fihis  ill-chosen  nama 

Take  a  common  sling,  for  instance.  The  implication  made 
by  the  term,  "  Centrifugal  Force,"  is  that  ihe  pebble  in  the 
revolving  sling  has  a  natural  tendency  to  continue  moving 
in  a  circle,  and  that  some  external  force  is  necessary  to 
overcome  that  tendency.  The  truth  is  that  the  natural 
tendency  of  the  pebble  is  to  move  in  a  straight  line,  and  the 
only  reason  that  it  does  not  thus  move  is  that  it  is  continu-- 
ally  forced  from  its  natural  path  by  the  pull  of  the  string. 
As  soon  as  this  external  force  is  removed,  by  intent  or 
accident,  away  flies  the  stone  in  obedience  to  its  own  law- 
abiding  tendencies. 

76.  Simply  Suggestive.— Examples  and  effectg  of 
this  so-called  centrifugal  force  may  be  suggested  as  follows: 
Wagon  turning  a  corner,  railway  curves,  water  flying  from 
a  revolving  grindstone,  broken  fly-wheels,  spheroidal  form 
of  the  earth,  erosion  of  river-beds,  a  pail  of  water  whirled 
in  a  vertical  circle,  the  inward  leaning  of  the  *  "  '^ 
9nd  lider,  the  centrifagdl  drying  apparatus  ci 
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or  sugar  refinery,  difference  between  polar  and  equatorial 
weights  of  a  given  mass,  etc. 

77.  Law  of  Centrifugal  Force.— The  force  neces- 
sary  to  overcome  this  tendency  of  matter  to  move  away 
from  the  centre  around  which  it  may  be  revolving,  varies 
directly  as  the  mass  and  as  the  square  of  the  velocity,  the 
radius  remaining  the  same.  Doubling  the  mass  doubles 
the  force  needed,  but  doubling  the  velocity  quadruples  the 
needed  restraining  force. 

78.  The  Second  Law. — The  second  law  of  motion 
is  sometimes  given  as  follows:  A  given  force  iviZl  pro- 
duce the  same  effect  whether  the  body  on  which  it 
acts  is  in  motion  or  at  rest ;  whether  it  is  acted  on 
)y  that  force  alone  or  by  others  at  the  same  time. 

(a.)  Many  attempts  have  been  made  to  show  that  these  are  only 
two  ways  of  stating  the  same  proposition  ;  most  of  them  are  more 
perplexing  than  profitable.  In  the  law  as  given  by  Newton  (§  72) 
the  word  motion  is  doubtless  used  in  the  sense  of  momentvm.  If  the 
substitution  of  **  momentum  "  for  "  motion  "  makes  the  recondliaticii 
Rny  easier,  no  objection  can  be  made  to  the  substitution. 

79.  Resultant  Motion. — Motion  produced  by 
the  joint  action  of  two  or  more  forces  is  called 
resultant  motion. 

The  point  of  application,  direction^  and  magnitude  of 
each  of  the  component  forces  being  given,  the  direction 
and  magnitude  of  the  resultant  force  are  found  by  a 
method  known  as  tlie  composition  of  forces. 

80.  Composition  of  Forces. — ^Under  composi- 
tion of  forces,  three  cases  may  arise : 

(1.)  When  the  given  forces  act  in  the  same  direc- 
tion. The  resultant  is  then  the  sum  of  the  given 
*  rces.    Example :  E.o\vm^  a  \io^\,  ^o^i^.  ^Vx^dxii. 
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(S.)  When  the  given  forces  act  in  opposite  di* 
recUons.  The  resultant  is  then  the  difference 
between  the  given  forces.  Motion  will  be  pro- 
duced in  the  direction  of  the  greater  force.  Ex- 
ample :   Bowing  a  boat  up  stream. 

(8.)  When  the  given  forces  act  at  an  angle.  The  re- 
sultant is  then  ascertained  by  the  parallelogram  of 
forces.    Example :  Bowing  a  boat  across  a  stream. 

Sh  Graphic  Representation   of  Forces.— 

Forces  may  be  represented  by  lines,  the  point  of 
application  determining  one  end  of  the  line,  the  direc- 
tion of  the  force  determining  the  direction  of  the  line, 
and  the  magnitude  of  the  force  determining  the  length 
of  the  Une. 

(a,)  It  will  be  noticed  that  these  three  elements  of  a  force  (§  65) 
ire  the  ones  that  precisely  define  a  line.  By  drawing  the  line  as 
above  Indicated,  the  noits  of  force  being  numerically  equal  to  the 
uiits  of  length,  we  have  a  complete  graphic  representation  of  the 
|;iven  force.    The  unit  of  length  adopted  in  any  such  representation 

may  be  determined  by  convenience; 
l^  but  the  scale  once  determined,  it 

must  be  adhered  to  throughout  the 

problem.    Thus  the  diagram  rep- 

^  resents  two  forces  applied  to  the 

point  B,    These  forces  act  at  right 
angles  to  each  other.     The  arrow- 

>  heads  indicate  that  the  forces  rep 

Fia  8.  resented  act  from  B  toward  A  and 

C  respectively.  Tlie  force  that 
acts  in  the  direction  BA  being  20  pounds  and  the  force  acting  in  the 
direction  BC  being  40  pounds,  the  line  BA  must  be  one-half  as 
long  as  BC.  The  scale  adopted  being  1  mm,  to  the  pound,  the 
smaller  force  will  be  represented  by  a  line  2  cm,  long,  and  the  greatei 
force  by  a  line  4  em.  long. 

(6.)  The  graphic  determination  or  representation  of  the  resultant 
In  the  first  two  cases  under  the  *'  Composition  of  Forces "  i"  ♦^ 
iimple  to  need  any  explanation. 
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82.  Parallelogram  of  Forces.— In  the  diagmi^ 
let  AB  and  AG  represent 
two  forces  acting  upon  the 
point  A.     Draw  the  two 

dotted  lines  to  complete  the 

parallelogranL  From  A^  the 

point  of  application,  draw  "^EtcTa 

the  diagonal   AD.      Uds 

diagonal  will  be  a  complete  graphio  representor' 

Hon  of  the  resultant.     In  such  cases  the  two  given 

forces  are  called  components.    The  resultant  of  any  two 

components  may  always  be  determined  in  this  way.    If 

two  forces,  such  as  those  represented  in  the  diagram,  act 

simultaneously  upon  a  body  at  A,  that  body  will  move 

oyer  the  path  represented  by  AD,  and  come  to  rest  at  D. 

(a.)  Suppose  tliat  instead  of  acting  simultaneously,  these  foroei 
act  successively.  If  AC  act  first  for  a  given  time,  it  would  move  the 
body  to  C.  If  then  the  other  force  act  for  an  equal  time  it  would 
move  it  to  the  right  a  distance  represented  by  AB  or  its  equal  CD. 
and  the  body  be  left  at  D  as  before.  If  the  force  represented  by  AB 
acted  first  and  the  force  represented  by  AO  then  acted  for  an  equal 
time,  the  body  would  evidently  be  left  at  D.  Thus  we  see  that  these 
two  forces  produce  the  same  effect  whether  they  act  simultaneously 
or  successively. 

83.  Experlinental  Verfflcatloii.— This  prin- 
ciple of  the  parallelogram  of  forces  may  be  Terified  by 
the  apparatus  represented  in  Fig.  10.  ABCD  is  a  very 
light  wooden  frame,  jointed  so  as  to  allow  motion  at  its 
four  comers.  The  lengths  of  opposite  sides  are  equal ;  the 
lengths  of  adjacent  sides  are  in  the  ratio  of  two  to  three 
From  .the  corners  B  and  0,  light,  flexible  silk  cords  pass 
oyer  the  pulleys  M  and  N,  and  carry  weights,  W  and  w, 
of  90  and  60  ouncc^  respectively,  the  ratio  between  the 
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weigfate  being  the  same  as  the  ratio  between  tbe  corre^ 
ponding  adjacent  sides  of  the  wooden  paralletograin.  A 
weight  of  ISO  onnces  is  hnng  from  the  comer  A.  When 
the  wooden  frame  comes  t«  rest  it  will  be  fonnd  that  the 
sides  AB  and  AG  lie  in  the  direction  of  the  cords  vhioh 
form  their  prolongations.  These  sides  AB  and  AO  are 
accurate  graphic  representations  of  the  two  forces  acting 
apon  the  point  A.  It  will  be  further  fonnd  that  the 
disigonal  AD  is  vertical  and  twice  as  long  as  the  side  AO. 
Since  the  side  AC  represents  a  force  of  60  ounces,  AD  will 
represent  a  force  of  twice  60  ounces  or  130  ounces.  We 
thus  see  that  AD  fairly  represents  the  resultwit  of  the 
two  forces  dne  to  the  gravity  of  W  and  «  '^^ 
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anfc  18  equal,  and  opposite  to  the  vertical  force  which  ia 
due  to  the  gravity  of  V»  and  this  balances  the  forces  repre- 
eented  by  AB  and  AG.  Besults  equally  satisfactory  will 
be  secured  as  long  as  AB  :  AC  ::  W  :  f^. 

84.  A  Substitute.— Very  satisfactory  results  may 
le  had  by  simpler  apparatus.     Let  H 

Mid  K  represent  two  pulleys  that  work 
with  very  little  friction.  Fix  them  to  a 
rertical  board.  The  blackboard  will 
answer  well  if  the  pulleys  can  be  at- 
tached without  injury.  Three  silk  cords 
are  knotted  together  at  0  ;  two  of  them 
pass  over  the  pulleys;  the  three  cords 
earry  weights,  P,  Q,  and  R^  as  shown  in  Fla  ii. 

the  figure.  £  must  be  less  than  the 
Bum  of  P  and  Q.  When  the  apparatus  has  come  to  rest, 
take  the  points  A  and  B  so  that  AO :  BO  : :  P :  Q.  Com- 
plete the  parallelogram  AOBD  by  drawing  lines  upon  the 
vertical  board.  Draw  the  diagonal  OD.  It  will  be  found 
by  measurement  that  AO  :  OD  : :  P :  E;  or  that  BO  :  OD 
: :  Q  :  B.  Either  equality  of  ratios  affords  the  verification 
sought 

85.  Determination  of  the  Value  of  the 
Resultant. — With  a  carefully-constructed  diagram  (only 
half  of  the  parallelogram  need  be  actually  drawn)  the  re- 
sultant may  be  directly  measured  and  its  value  ascertained 
from  the  scale  adopted.  The  value  and  direction  of  the 
resultant  may  be  found  trigonometrically,  without  actual 
construction  of  the  diagram,  when  the  angle  between  the 
directions  of  the  components  is  known.  In  one  or  two 
eases^  however,  the  mathematical  solution  is  easy  without 
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the  aid  of  trigonometrical  formulaB.  When  the  com* 
ponents  act  at  right  angles  to  each  other^  the  resultant  is 
the  hypothenuse  of  a  right-angled  triangle.  (See  Olney^s 
Oeometry^  paragraph  346.)  When  the  components  are 
equal  and  include  an  angle  of  120°,  the  resultant  divides 
the  parallelogram  into  two  equilateral  triangles.  It  is 
equal  to  either  component,  and  makes  with  either  an  angle 
of  60°.    (Let  the  pupil  draw  such  a  diagram.) 

86.  Equilibrant^— ./i  force  whose  effect  is  to 
balance  the  effects  of  the  several  components  is 
called  an  equilibrant.  It  is  numerically  equal  to  the 
resultant,  and  opposite  in  direction.  Thus  in  Fig.  10,  the 
gravity  of  the  weight  V  is  the  equilibrant  of  W  and  ta; 
it  is  equal  and  opposite  to  the  resultant  represented  by 
AD. 

87.  Triangle  of  Forces. — By  reference  to  Fig.  Jl 
it  will  be  seen  that  if  AC  represent  the  magnitude  and 
direction  of  one  component,  and  CD  the  magnitude  and 
direction  of  the  other  component,  the  line  AD,  which 
completes  the  triangle,  will  represent  the  direction  and 
intensity  of  the  resultant.  Where  the  point  of  application 
need  not  be  represented,  this  method  of  finding  the  rela- 
tive magnitudes  and  directions  is  more  expeditious  than 
the  one  previously  given.  If  the  line  which  completes  the 
triangle  be  measured  from  D  to  A,  that  is  to  say,  in  the 
order  in  which  the  components  were  taken,  it  represents 
the  equilibrant ;  the  arrow-head  upon  AD  should  then 
be  turned  the  other  way.  If  this  line  be  measured  from 
A  to  D,  that  is,  in  the  reverse  order,  it  represents  the 
resultant 
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88.  Composition  of  More  tlian  Two 
Forces. — If  more  than  two  forces  act  upon  the  point  ol 
application,  the  resultant  of  any  two  may  be  combined 
with  a  third,  their  resultant  with  a  fourth,  and  so  on. 
The  last  diagonal  will  represent  the  resultant  of  all  thf 
given  forces.  Suppose  that  four 
forces  act  upon  the  point  A,  as 
represented  in  the  diagram.  By 
compounding  the  two  forces  AB 
and  AC,  we  get  the  partial  re- 
sultant, Ar;  by  compounding 
this  with  AD,  we  get  the  second 
partial  resultant,  Ar';  by  com-  e^ 
pounding  this  with  AE,  we  get 
the  resultant,  AR 
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89.  Polygon  of  Forces. — This  resultant  may  b« 
more  easily  obtained  by  the  polygon  of  forces.  If  a  num 
ber  of  forces  be  in  equilibrium, 
they  may  be  graphically  repre- 
sented by  the  sides  of  a  closed 
polygon  taken  in  order.  If  the 
forces  are  not  in  equilibrium,  the 
lines  representing  them  in  magni- 
tude and  direction  will  form  a 
figure  which  does  not  close.  The  hue  that  completes  tne 
figure  and  closes  the  polygon  will,  when  taken  in  the  same 
order,  indicated  by  the  arrow-head  at  x,  represent  the 
equilibrant ;  when  taken  in  the  opposite  order,  indicated 
by  the  arrow-head  at  z^  it  will  represent  the  resultant. 
This  will  be  evident  from  a  comparison  of  the  diagram  with 
the  one  preceding,  the  forces  compounded  being  the  same 


Fig.  13. 


FORCE  AND  MOTION.  41 

90.  Parallelopiped  of  Forces. — The  component 

forces  may  not  all  act  in  the 
same  plane^  but  the  method  of 
composition  is  still  the  same. 
In  the  particular  case  of  three 
such  forces  it  will  be  readily 
seen  that  the  resultant  of  the 

Fig  14.       *  forces  AB,  AC,  and  AD  is  rep- 

resented by  AR,  the  diagonal 
of  the  parallelopiped  constructed  upon  the  lines  represent- 
ing these  forces. 

91.  Resolution  of  Forces. — The  operation  of 
finding  the  components  to  which  a  given  force  is 
equivalent  is  called  the  resolution  of  forces. 

It  is  the  converse  of  the  composition  of  forces.  Eepre- 
sent  the  given  force  by  a  line.  On  this  line  as  a  diagonal 
construct  a  parallelogram.  An  infinite  number  of  such 
parallelograms  may  be  constructed  with  a  given  diagonal 
When  the  problem  is  to  resolve  or  decompose  the  given 
force  into  two  or  more  components  having  given  directions^ 
it  is  definite — only  one  construction  being  possible.  The 
sides  that  meet  at  the  point  of  application  will  represent 
the  component  forces.    (See  §  201.) 

93.  Example  of  Resolution  of  Forces.— As 

we  proceed  we  shall  find  more  than  one  example  of  the 
resolution  of  forces.  A  single  one  will  answer  in  this 
place.  It  is  a  familiar  fact  that  a  sail-boat  may  move  in  a 
direction  widely  different  from  that  of  the  propelling  wind, 
and  that,  under  such  circumstances,  the  velocity  of  the 
boat  IS  less  than  it  would  be  if  it  were  sailing  in  the  direc- 
tion of  the  wind.    The  force  due  to  the  pressure  of  the 
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wind  is  twice  resolved,  and  only  one^  of  the  componenti 
is  of  use  in  urging  the  boat  forward.    In  Figure  15, 

let  KL  represent  the  keel  of  the 
boat ;  BGy  the  position  of  the  sail ; 
and  AB^  the  direction  and  intensity 
of  the  wind.  In  the  first  place 
when  the  wind  strikes  the  sail  thus 
placed,  it  is  resolved  into  tvfo  com* 
ponents — BC  parallel  to  the  sail,  and 
BB  perpendicular  to  the  saiL  It  u 
evident  that  the  first  of  these  is  of 
no  effect.  But  the  boat  does  not  move  in  the  direction  di 
BDy  which  is,  in  turn,  resolved  by  the  action  of  the  keel 
and  rudder  into  two  forces,  BL  in  the  direction  of  the 
keel,  and  BE  perpendicular  to  it.  The  first  of  these  pro- 
duces the  forward  movement  of  the  boat ;  the  second 
produces  a  lateral  pressure  or  tendency  to  drift,  which  is 
more  or  less  resisted  by  the  build  of  the  boat 

93.  The  Third  Law.— Examples  of  the  third  law 

3f  motion  are  very  common.  When  we  strike  an  egg 
upon  a  table,  the  reaction  of  the  table  breaks  the  egg;  the 
action  of  the  egg  may  make  a  dent  in  the  table.  The  re- 
action of  the  air,  when  struck  by  the  wings  of  a  bird, 
supports  the  bird  if  the  action  be  greater  than  the  weight 
The  oarsman  urges  the  water  backward  with  the  same 
force  that  he  urges  his  boat  forward.  In  springing  from 
a  boat  to  the  shore,  muscular  action  tends  to  drive  the 
boat  adinf  t ;  the  reaction,  to  put  the  passenger  ashore. 

94.  Reaction   in   Non-elastic  Bodies — The 

effects  of  action  and  reaction  are  modified  largely  by 
elasticity,  but  never  so  as  to  destroy  their  equality.    Hang 
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two  clay  baUs  of  equal  mass  by  striogs  of  eqnal  length! 

BO  that  they  vill  just  touch  each  other.    If  one  be  di»vii 

aside  and  let  fall  against 

the  other,  both  will  move 

forward,  but  only  half  aa 

far  as  the  first  would  had 

it  met  no  resstance.    The 

gain  of  momentum  by  the 

Becond  ia  due  to  the  action 

of  the  first     It  is  eqnal 

to  the  loss  of  momentnm 

6y  the  firsts  which  loss  is 

fine  to  the  reaotiOD  of  Qie 

leoond. 

95,  Reaction    In  t 
Elastio    Bodies.— If 

two  ivory  ballai  which  are 
elastic,  be  similarly  placed, 
and   the  experimeut   re- 
peated, it  wiU  be  found  pia  16. 
that  the  first  ball  will  give 

tiie  whole  of  its  motion  to  the  second  and  remain  stiD 
after  striking,  while  the  second  will  swing  as  far  as  the 
first  would  have  done  if  it  had  met  no  resistance.  In  this 
case,  aa  in  the  former,  it  will  be  seen  that  the  first  baU 
loses  just  as  much  momentum  as  the  second  gains. 

96.  Reflected  Motion.— -Be;?eoie(2  moUon  U 
the  motion  produced  hy  the  reaction  of  a  surface 
when  struck  hy  a,  body,  either  the  surface,  or  th« 
body,  or  both  being  elastic. 

A  ball  rebounding  from  the  wall  of  a  honae,  or  tcQ'ja.ttA 
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onshion  of  a  billi&rd-table,  is  an  example  of  reflected 
tnotioa. 

97.  Law  of  Reflected  Motion.— The  angle  w- 

eluded  between  the  direction  of  the  moving  body  before  ii 
atrikes  the  reflecting  surface  and  a  perpeadicnlar  to  that 
lorface  drawn  from  the  point  of  contact,  Js  called  the  angle 
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of  incidence.  The  angle  between  the  direction  of  tb« 
moTing  body  after  striking  and  the  perpendicular,  is  called 
the  angle  of  reflection.  The  an0e  of  incidence  it 
equal  to  the  angle  of  reflection,  and  lies  in  the 
same  plane.  A  ball  shot  from  A  will  be  reflected  at  £ 
back  to  C,  making  the  angles  ABD  and  CBD  eqnaL 

Exercises.    {Answan  to  he  written.) 

i.  RepreBent  gTaphlcally  the  resultant  of  two  toteee,  100  and  ISI 
poands  respectiTe!;,  exerted  b;  two  men  palling  k  weight  In  the 
Hune  direction.    Determine  ita  value. 

3.  In  similar  manner,  represent  the  resnlt*nt  of  tho  same  forcM 
when  the  men  pall  in  opposite  directions.     Detennino  its  vmlue. 

8.  Suppose  an  attempt  be  made  to  row  a  boat  at  the  rate  of  taxa 
miles  an  hour  directlj  across  a  stream  flowing  st  the  rate  of  thret 
miles  on  hour.    Detennine  the  direction  and  velodt;  of  tb.e  boat. 

4.  A  flag  is  drawn  downward  64  ft.  from  the  mast-head  of  a  moT- 
ing  ship.  During  the  same  time,  the  shi[i  moved  forward  34  ft 
Represent  the  direction  and  length  of  the  actual  patli  of  the  flag. 

G.  A  sailor  dimbe  a  mast  at  the  rate  of  3  ft.  a  second :  the  ship  ]■ 
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jdhog  at  the  rate  of  12  ft.  a  second.    Over  what  space  does  ha 
ictuauy  move  during  20  seconds  ? 

6.  A  I'oot-ball  simultaneouslj  receives  three  horizontal  blows ;  od€ 
from  the  iaorth  having  a  force  of  10  pounds;  one  from  the  east  having 
a  force  of  15  pounds,  and  one  from  the  south-east  having  a  force 
ol  804  kinetic  units.     Determine  the  direction  of  its  motion. 

7.  Way  does  a  cannon  recoil  or  a  shot-gun  "  kick  "  when  fired? 
Why  does  not  the  velocity  of  the  gun  equal  the  velocity  of  the  shot? 

t^.  If  the  river  mentioned  in  the  third  problem  be  one  mile  wide, 
how  far  did  the  boat  move,  and  how  much  longer  did  it  take  to  cro80 
than  it  the  water  had  been  still  ? 

9.  A  plank  12  feet  long  has  one  end  on  the  floor  and  the  other  end 
raised  6  feet.  A  50- pound  cask  is  being  rolled  up  the  plank.  Resolve 
^he  gravity  of  the  cask  into  two  components,  one  perpendicular  to 
the  plank  to  indicate  the  plank's  upward  pressure,  and  one  parallel 
to  the  plank  to  indicate  the  muscular  force  needed  to  hold  the  cask 
In  plawu    find  the  magnitode  of  this  needed  muscular  force. 

10.  To  how  many  P.  P.  S.  units  of  force  is  the  weight  of  ©0  lb. 
equal? 

11.  To  how  many  C.  Q.  S.  units  of  force  is  the  weight  of  60  E^, 
equal? 

Recapitulation. — To  be  amplified  by  the  pupil  for 
review. 
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j^^SECTtON  n. 

GRAVITATION. 

98.  What  Is  Gravitation  ?—^i/er^  partlcts  of 

matter  in  the  universe  has  an  attractioTv  for 
every  other  particle.  This  attractive  force  ii 
called  gravitation. 

99.  Tliree  Important  Facts.— In  respect  to 
grayitation^  three  important  facts  have  been  established  : 

(1.)  It  acts  instantaneously.  Light  and  elecfeicity 
require  time  to  traverse  space ;  not  so  with  this 
force.  If  a  new  star  were  created  in  distant 
space,  its  light  might  not  reach  the  earth  for 
hundreds  or  thousands  of  years.  It  might  be  in- 
visible for  many  generations  to  come,  but  itsj^t^S 
would  be  felt  by  the  earth  in  less  than  the  twink- 
li:*g  of  an  eye. 

(S.)  It  is  unaff^eoted  hy  the  interposition  of  an% 
substance.  During  an  eclipse  of  the  sun,  the 
moon  is  between  the  sun  and  the  earth.  But 
at  such  a  time,  the  sun  and  earth  attract  each 
other  with  the  same  force  that  they  do  at  other 
times. 

(3.)  It  is  independent  of  the  hind  of  matter,  hut 
depends  upon  the  quantity  or  mass  and 
the  distance.  We  must  not  fall  into  the  error 
of  supposing  that  mass  means  size.  The  planet 
Jupiter  is  about  1300  times  as  large  as  the  earth, 
but  it  has  only  about  300  times  as  much  matter 
because  it  is  only  0.23  as  dense. 
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100.  Laws  of  Gravitation.— (1.)  Gravitation 
varies  directly  as  the  product  of  the  masses. 

(2.)  Gravitation  varies  inversely  as  the  square  of 
the  distance  (between  the  centres  of  gravity,  §  107). 

For  example,  doubling  the  product  doubles  the  attrac- 
tion ;  doubling  the  distance,  quarters  the  attraction ; 
doubling  both  the  product  and  the  distance  will  halve  the 
attraction.  Trebling  the  product  will  multiply  the  attrac- 
tion by  three ;  trebling  the  distance  will  divide  the  attrac- 
tion by  nine  ;  trebling  both  the  product  and  the  distance 

(3        1\ 

101.  Equality  of  Attraction.  —  ^e  force 
eooerted  by  one  body  upon  a  second  is  the  same  as 
that  exerted  by  the  second  upon  the  first. 

The  earth  draws  the  falling  apple  with  a  force  that  gives 
it  a  certain  momentum ;  the  apple  draws  the  earth  with  an 
equal  force  which  gives  to  it  an  equal  momentum. 

103.  Gravity. — The  most  familiar  illustration  of  grav- 
itation  is  the  attraction  between  the  earth  and  bodies 
upon  or  near  its  surface.  This  particular  form  of  grav- 
itation is  commonly  called  gravity;  its  measure  is  weight; 
its  direction  is  that  of  the  plumb-line,  i.  e.,  vertical. 

103.  Weight. — The  weight  of  abody  varies  directly 
05  the  mass  and  inversely  as  the  square  of  the  distance 
between  its  centre  of  graidtij  and  that  of  the  ea?'th. 
The  mass  of  the  earth  remaining  constant,  doubling  the 
mass  of  the  body  weighed  doubles  the  product  of  the  masses 
(§  100)  and,  consequently,  doubles  the  weight.  When  we 
ascend  from  the  surface  there  is  nothing  to  interfere  with  the 
working  of  this  law ;  but  when  we  descend  from  the  aurfecA 
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we  leave  behind  us  particles  of  matter  whose  attraction 
partly  counterbalances  that  of  the  rest  of  the  earth* 

104.  An  Example. — Consider  the  earth's  radina 
k)  be  4,000  miles,  and  the  earth's  density  to  be  uniform. 
At  the  centre,  a  body,  whose  weight  at  the  surface  is 
100  pounds,  would  be  attracted  in  every  direction 
with  equal  force.  The  resultant  of  these  equal  and  oppo- 
site forces  would  be  zero,  and  the  body  would  have  no 
weight.  At  1,000  miles  from  the  centre,  one  fourth  of  the 
distance  to  the  surface,  it  would  weigh  25  pounds,  one- 
fourth  the  surface  weight ;  at  2,000  miles  from  the  centre, 
50  pounds ;  at  3,000  miles  from  the  centre,  75  pounds ;  at 
4,000  miles  from  the  centre,  or  the  surface  distance,  it 
would  weigh  100  pounds  or  the  full  surface  weight.  If 
carried  up  stiU  further,  the  weight  will  decrease  according 
to  the  square  of  the  distance.  At  an  elevation  of  4,000 
miles  above  the  surface  (8,000  miles  from  the  centre)  it 
will  weigh  25  pounds,  or  one-fourth  the  surface  weight, 

105.  Law  of  Weight. — Bodies  weigh  most  at 
the  surface  of  the  earth.  Below  the  surface,  fhs 
vjeight  decreases  as  the  distance  to  the  centre  e?6- 
creases.  Above  the  surface,  the  weight  decreases  as 
the  square  of  the  distance  from  the  centre  in- 
ceases, 

106.  Formiilas    for    Gravity   Problems.— 

Representing  the  surface  weight  by  W  and  the  surface  dis- 
tance (4,000  miles)  by  D,  the  other  weight  by  w,  and  the 
other  distance  from  the  earth's  centre  by  dy  the  above  laiv 
may  be  algebraically  expressed  as  follows: 

Below  the  earth's  surface :    w  \  W  \:  d  \  D. 
Above  the  earth's  surface :    w  :W  \:  L^i  d^. 
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EXEBOISES. 

1.  How  far  below  the  surface  of  the  earth  will  a  ten-pound  ball 
weigh  only  four  pounds? 

8olyiion. 


Formula :  w  :  W\\  d  :  D. 

Snbstitutmg :       4  :  10  ::  <f  :  4000 


d  =  1600,  the  number  of  miles 
from  the  centre. 


4000  — 1600  =  2400,  the  number  of  miles  below  the  surface. — Ans. 
3.  What  would  a  body  weighing  550  lbs.  on  the  surface  of  the 
earth  weigh  3,000  miles  below  the  surface  ?  An8,  137|  lbs. 

3.  Two  bodies  attract  each  other  with  a  certain  force  when  they 
are  75  m,  apart.  How  many  times  will  the  attraction  be  increased 
when  they  are  50  m.  apart  ?  Ans,  2^. 

4.  Given  three  balls.  The  first  weighs  6  lbs.  and  is  25  ft.  distant 
from  the  third.  The  second  weighs  9  lbs.  and  is  50  ft.  distant  from 
the  third,  (a)  Which  exerts  the  greater  force  upon  the  third? 
(5)   How  many  times  as  great  ?  Ans,  {. 

5.  A  body  at  the  earth's  surface  weighs  900  pounds  ;  what  would 
it  weigh  8,000  miles  above  the  surface  ? 

6.  How  far  above  the  surface  of  the  earth  will  a  pound  avoirdupois 
weigh  only  an  ounce?  Ans.  12,000  miles. 

7.  At  a  height  of  3,000  miles  above  the  surface  of  the  earth, 
what  would  be  the  difference  in  the  weights  of  a  man  weighing  200 
lbs.  and  of  a  boy  weighing  100  lbs.  ?  Aiis.  32.65  lb. 

8.  Find  the  weight  of  a  180  lb.  ball  {a)  2,000  miles  above  the 
earth's  surface  ;  (&)  2,000  miles  below  the  surface. 

9.  (a)  Would  a  50  lb.  cannon  ball  weigh  more  1,000  miles  above 
the  earth's  surface,  or  1,000  miles  below  it  ?    (b)  How  much  ? 

10.  If  the  moon  were  moved  to  three  times  its  present  distance 
from  the  earth,  what  would  be  the  effect  (a)  on  its  attraction  for 
the  earth  ?    (&)  On  the  earth's  attraction  for  it  ? 

11.  How  far  below  the  surface  of  the  earth  must  an  avoirdupois 
pound  weight  be  placed  in  order  to  weigh  one  ounce  ? 

12.  How  far  above  the  surface  of  the  earth  must  2,700  pounds  be 
placed  to  weigh  1,200  pounds  ?  Ans,  2,000  miles. 

13.  What  effect  would  it  have  on  the  weight  of  a  body  to  double 
the  mass  of  the  body  and  also  to  double  the  mass  of  the  earth  ? 

107.  Centre  of  Gravity. — The  centre  of  grav- 
ity of  a  body  is  the  point  about  which  all  the 
matter  composing  the  body  may  be  balanced. 
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Fig.  18. 


The  force  of  gravity  tends  to  draw  every  particle  ol 
matter  toward  the  centre  of  the  earth,  or  downward  in  a 

vertical  line.  We  may  therefore 
consider  the  effect  of  this  force 
upon  any  body  as  the  Hum  of  an 
almost  infinite  number  of  paral- 
lel forces,  each  of  which  is  acting 
upon  one  of  the  molecules  of 
which  that  body  is  composed. 
We  may  also  consider  this  sum 
of  forces,  or  total  gravity,  as 
acting  upon  a  single  point,  just 
as  the  force  exerted  by  two 
horses  harnessed  to  a  whiffle* 
tree  is  equivalent  to  another  force  (resultant)  equal  to  the 
sum  of  the  forces  exerted  by  the  horses,  and  applied  at  a 
single  point  at  or  near  the  middle  of  the  whiffle-trea 
This  single  point,  which  may  thus  be  regarded  as  the 

point  of  application  of  the 
force  of  gravity  acting  upon  a 
body,  is  called  the  centre  of 
gravity  of  that  body.  In  other 
words,  the  weight  of  a  body 
may  be  considered  as  concen- 
trated at  the  centre  of  gravity* 

108.  How  to  find  the 
Centre  of  Gravity.  —  In 

a  freely  moving  body,  the  cen- 
tre of  gravity  will  be  brought 
as  low  as  possible,  and  will, 
therefore,  lie  in  a  vertical  line 
Fig.  19.  drawn  through   the  point  of 
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sappori.    This  fact  affords  a  ready  mean?  of  determining 
the  centre  of  gravity  experimentally. 

Let  any  irregularly  shaped  body,  as  a  stone  or  chair,  be 
tfospended  so  as  to  move  freely.  Drop  a  plumb-line  from 
the  point  of  suspension,  and  make  it  fast  or  mark  its  direo* 
tion.  The  centre  of  gravity  will  lie  in  this  line.  From  a 
Second  point,  not  in  the  line  already  determined,  suspend 
the  body;  let  fall  a  plumb-line  as  before.  The  centre  of 
gravity  will  lie  in  this  line  also.  But  to  lie  in  both  lines,  the 
centre  of  gravity  must  lie  at  their  intersection.    (Fig.  19.) 

109.  May  be  Outside  of  the  Body.— The  cen* 
fare  of  gravity  may  be  outside  of  the  matter  of  which  « 
body  consists,  as  in  the  case  of  a  ring,  hollow  sphere,  box, 
or  cask.    The  same  fact  is  illustrated  by  the  "  balancer,** 

represented  in  the  figure.  The  centre 
of  gravity  is  in  the  line  joining  the 
two  heavy  balls,  and  thus  under  the 
foot  of  the  waltzing  figure.  But  the 
point  wherever  found  will  have  the 
same  properties  as  if  it  lay  in  the  mass 
of  the  body.  In  a  freely  falling  body, 
no  matter  how  irregular  its  form,  or 
how  indescribable  the  curves  made  by 
any  of  its  projecting  parts,  the  line  of 
direction  in  which  the  centre  of  grav- 
ity or  point  of  application  moves  will 
be  a  vertical  line  (§  65  [2]  ). 

FiQ.  90.  110.  Equilibrium.— Inasmuch 

as  the  centre  of  gravity  is  the  point  at 
whioh  tht  weight  of  a  body  is  concentrated,  when  the 
centre  of  gravity  is  silpported,  the  whole  body  wiU 
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rest  in  a  state  of  equUibHunv.  The  centre  of  grant} 
will  be  supported  when  it  coincides  with  the  point  of  sup* 
port^  or  is  in  the  same  vertical  line  with  it. 

111.  Stable  Equilibrium. — A  body  supported, 
in  such  a  way  that,  when  slightly  displaced  from 
Us  position  of  equilibrium,  it  tends  to  return 
to  that  position,  is  said  to  be  in  stable  equUU 
brium.  Such  a  dlFplacemeut  raises  the  centre  of  gray* 
ity.  Examples:  a  disc  supported  above  the  centre;  a 
semi-splierical  oil-can;  a  right  cone  placed  upon  ita 
base ;  a  pendulum  or  plumb-line.  The  cavadxy-man 
represented  in  Fig.  21,  is  in  stable  equilibrinm,  and 
may  rock  up  and  down, 
balanced  upon  his  horse's 
hind  -  feet,  because  th  e 
heavy  ball  brings  the  cen- 
tre of  gravity  of  the  com- 
bined mass  below  the 
points  of  support.  The 
*^ balancer"  (Fig.  20)  af- 
fords another  example  of 
stable  equilibrium. 


Fig.  21. 


113.  Unstable  Equi- 
librium.— A  body  siip^ 
ported  in  such  a  xvUy  that,  when  slightly  displaced 
from  its  position  of  equilibHum,  it  tends  to  fall 
further  from  that  position,  is  said  to  be  in  unstable 
equilibrium.  Such  a  displacement  lowers  the  centre  ot 
gravity.  The  body  will  not  come  to  rest  until  the  centre 
of  gravity  has  reached  the  lowest  possible  point,  when  it 
will  be  in  stable  equilibrium.^    Examples:  A  disc  sup 


BRA  VXTATIOX: 


53 


ported  below  its  centre ;  a  right  cone  placed  on  its  apex, 
an  egg  standing  on  its  end;  or  a  stick  balanced  upright 
upon  the  finger. 

113.  Neutral  Equilibrium.— ./f  body  supported 
in,  such  a  way  that,  when  displaced  from  its 
position  of  equilibrium,  it  tends  neither  to  return 
to  its  former  positipn  nor  to  fall  further  from  it, 
is  said  to  be  in  neutral  or  indifferent  equilibrium/. 
Snch  a  displacement  neither  raises  nor  lowers  the  centre 
oi  gravity.  Examples:  A  disc  supported  at  its  centre ;  a 
sphere  resting  on  a  horizontal  surface ;  a  right  cone  rest- 
ing on  its  sida 

(a.)  In  the  accompanying  figure  M,  N  and  0  represent  three  cones 

jl  placed  respectively 

in  these  three  con- 
ditions of  equili 
brium.  The  letter 
g  shows  the  posi 
tion  of  the  centre 
of  gravity  in  each. 
If  a  body  have 
two  or  more  points 
^^^'  ^^'  of  support  lying  in 

the  same  straight  line,  the  body  will  be  in  neutral,  stable  or  unstable 
equilibrium  according  as  the  centre  of  gravity  lies  in  this  line,  is 
directly  below  it  or  above  it 

114.  Line  of  Direction.— e4  vertical  line  drawn 
downward  from,  the  centre  of  gravity  is  called  the 
line  of  direction.  As  we  have  seen,  it  represents  the 
direction  in  which  the  centre  of  gravity  would  move  if 
the  body  were  unsupported.  It  may  be  considered  as  a 
line  connecting  the  centre  of  gravity  of  the  given  body 
and  the  centre  of  the  earth. 

116.  The  Base. —  The  side  on  which  a  body 
rests  is  called  its  base.    If  the  body  be  supported  on 
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legB,  as  a  chiur,  the  base  ie  the  polygon  formed  by  joining 

the  points  of  sapport. 

116.  Stability. —  When  the  line  of  direction 
falls  within  the  base,  the  body  stands;  when,  with^ 
tmt  the  base,  the  body  faiUs, 

In  the  case  of  the  tower  represented  in  Fig.  23,  if  the 
upper  part  be  removed,  tho  line  of  direction  will  be  as 
shown  by  the  leH.  band  dotted  line.  It  falls  within  tbe 
base,  and  the  tower  stands.  When  the  upper  part  is  fast- 
ened to  the  tower,  the  line  of  direction  is  represented  by 
the  right  hand  dotted  line.  This  falls 
without  the  base,  and  the  toT  er  falls. 
The  stability  of  bodies  is  measured 
by  the  amount  of  work  neceseaiy  to 
overturn  them.  This  depends  upon 
ibe  distance  that  it  is  necessary  to 
mise  the  centre  of  gravity  (equivalent 
to  raising  the  whole  body),  that  the 
line  of  direction  may  fall  without  the 
base.  When  the  body  rests  upon  d 
point,  as  does  the  sphere,  or  upon  a 
lino,  as  does  the  cylinder,  a  very  slight 
force  is  sufficient  to  move  it,  no  elevation  of  the  centre  of 
gravity  being  necessary.  The  broader  the  base,  and  the 
lower  the  centre  of  gravity,  the  greater  the  stability. 

117.  ninstrations  of  Stability. — Let  tbe  figure 
jepresent  the  vertical  section  of  a  brick  placed  upon  iti 
side,  its  pogition  of  greatest 
itability.  In  order  to  stand 
the  brick  upon  its  end,  g,  the 
centre  of  gravity,  must  pass 
DTflP  tike  ed^,  c    That  ii  to 
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Bay,  the  centre  of  gravitf  mnst  be  raised  a  distance  equal 
to  the  difference  between  ga  and  ge,  or  the  distance  nc. 
Bat  to  lift  g  thh  distanos  is  the  same  aa  to  lift  the  whole 
brick  rerticall;  a  distance  eqnal  to  nc.  Now  draw  nmilat 
figures  for  the  brick  when  placed  upon  its  edge  and  apoa 
its  end.  In  each  case  make  gn  equal  to  ga,  and  see  that, 
the  Taluo  of  nc  deereaaea.  But  nc  represents  the  distance 
that  the  brick,  or  its  centre  of  gravity,  must  be  rused 
before  the  line  of  direction  can  fall  without  the  base,  and 
the  body  be  OTertnmed.  To  lift  the  brick,  or  its  centre  of 
^vity,  a  small  distance  involTca  less  work  than  to  lift  it 
t  greater  distance.  Therefore,  the  greater  the  valne  of  ne, 
the  more  work  required  to  OTertum  the  body,  or  the 
greater  its  stability.  But  this  greater  value  of  nc  evidently 
depends  upon  a  larger  base,  a  lower  position  for  the  centre 
of  gravity,  or  both. 


Fig.  25. 


(a.)  lltew  facts  eipli^  the  stabilitj  of  leaidng  towen  Itke  thiMM 
A  Plm  Knd  Bologna.  In  some  sncli  towera  the  centre  of  gmvitj 
Is  lowered  b^  oBlng  heavf  materials  for  the  lower  part  and  light 
materialH  for  the  upper  pan  uf  the  structure.  It  \a  difficult  to  stand 
iqNn  EKia  foot  or  to  walk  upon  a  tight  rape  becanae  ol  ttie  sutl^iM 
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of  the  base.  A  porter  canying  a  pack  is  obliged  to  lean  forward; 
a  man  carrying  a  load  in  one  hand  is  obliged  to  lean  away  from  the 
load,  to  keep  the  common  centre  of  gravity  of  man  and  load  over 
the  base  formed  by  joining  the  extremities  of  his  feet.  Why  does  t 
person  stand  less  firmly  when  his  feet  are  parallel  and  close  together 
than  when  they  are  more  gracefully  placed  ?  Why  can  a  child  walk 
more  easily  with  a  cane  than  without  ?  Why  will  a  book  placed  on 
a  desk-lid  stay  there  while  a  marble  would  roll  off?  Why  is  a  too 
of  stone  on  a  wagon  less  likely  to  upset  than  a  ton  of  hay  simUarl} 
placed' 

EXEBGISES. 

Explanatory  Nate. — ^The  first  problem  In  the  table  below  may  be 
read  as  follows :  What  will  be  the  weight  of  a  body  which  weighs 
1200  pounds  at  the  surface  of  the  earth,  when  placed  2000  milefl 
below  the  surface?  When  placed  4000  miles  above  the  sorfaoef 
(Radius  of  earth=4000  miles.)  All  of  the  measurements  are  fron 
the  surface. 


S  & 

Below  Sukpacb. 

At  Suufaob. 

Abovs  Subvaob. 

1^ 

Pounds. 

Miles  from 
Surface. 

Pounds. 

Pounds. 

Miles  from 
Snrfiice. 

1 

? 

2000 

1200 

t 

4000 

2 

800 

? 

1200 

6881 

? 

8 

? 

SOOO 

800 

? 

6000 

4 

? 

1000 

150 

? 

1000 

5 

100 

? 

400 

100 

t 

6 

250 

8000 

? 

? 

4000 

7 

? 

1600 

? 

82 

6000 

8 

121 

? 

100 

25 

? 

9 

? 

8250 

480 

? 

2000 

10 

90 

? 

450 

50 

? 

11 

160 

? 

256 

? 

12000 

13 

201.6 

2600 

? 

16 

? 

13 

256 

? 

? 

40.96 

16000 

14 

20250 

? 

824000 

9000 

t 

15 

? 

8200 

? 

1280 

9000 
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Recapitulation. — In  this  sectiou  we  have  considered 
Gravitation;  Facts  concerning  it;  its  Law; 
Gravity;  Weight;  Law  of  Weight ;  Centre 
of  Gravity;  Equilibrium  and  Stability  oi 
Bodies. 


-/^Section  in. 

FALLING    BODIES. 

118.  A  Con»tant  Force. — The  tendency  of  force 
is  generally  to  produce  motion.  Acting  on  a  given  masi 
for  a  given  time,  a  given  force  will  produce  a  certain 
velocity.  If  the  same  force  acts  on  the  same  mass  foi 
twice  the  time  it  will  produce  a  double  velocity.  A  force 
which  thus  continues  to  act  uniformly  upon  a 
body,  even  after  the  body  has  begun  to  move,  is 
called  a  constant  force.  The  velocity  thus  produced 
is  called  a  uniformly  accelerated  velocity.  If  a  constant 
force  gives  a  body  a  velocity  of  10  feet  in  one  second,  it 
will  give  a  velocity  of  20  feet  in  two  seconds,  of  30  feet  in 
three  seconds,  and  so  on.  The  force  of  gravity  is  a  con* 
stant  force  and  the  velocity  it  imparts  to  the  falling  bodj 
is  a  uniformly  accelerated  velocity. 

119.  Velocities   of    FaUing    Bodies.— If    « 

feather  and  a  cent  be  dropped  from  the  same  height,  the 
3ent  will  reach  the  ground  first.  This  is  not  because  the 
cent  is  heavier,  but  because  the  feather  meets  with  more 
resistance  from  the  air.  If  this  resistance  can  be  removed, 
the  two  bodies  will  fall  equal  distances  in  equal  times, 
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or  will  Ml  with  the  i 


ame  yelocity.  Thia  resistanes  m^ 
be  avoided  by  trying  the  experi- 
ment in  a  glass  tnbe  from  which 
the  air  has  been  Femoved.  The  re> 
Bistances  may  be  nearly  equalized  by 
making  the  two  falhug  bodies  of 
the  same  eize  and  shape  but  of  dif- 
ferent weiglits.  Take  an  iron  and 
a  wooden  ball  of  the  same  eize,  drop 
them  at  the  same  time  from  an 
upper  window,  and  notice  that  they 
will  strike  the  ground  at  sensibly 
the  same  time. 

120.  Reason  of  this  Equal- 
ity.— The  cent  is  heavier  than  the 
feather  and  is  therefore  acted  upon 
by  a  greater  force.  The  iron  bdl 
has  the  greater  weight,  which  showa 
that  it  is  acted  upon  by  a  greater 
force  than  the  wooden  ball.  Bnt 
Fig.  25.  this  greater  force  has  to  move  a 

greater  mass,  has  to  do  more  work 
ihan  the  leaser  force.  For  the  greater  force  to  do  the 
greater  work  requires  as  much  time  as  for  the 
lesser  force  to  do  the  lesser  work.  The  working  force 
and  the  work  to  be  done  increase  in  the  same  ratio.  A 
regiment  will  march  a  mile  in  no  less  time  than  a  single 
■oldier  woald  do  it ;  a  thousand  molecules  can  fall  no  fur- 
ther in  a  second  than  a  single  molecule  can. 

131.  Galileo's  Device. — To  avoid  the  necesaity 
for  great  heights,  and  the  interference  of  rapid  motion 
Vith    accurate   obaervationg,   Galileo    used    an    inclined 
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Fig.  37. 


plane,  oonfdsting  of  a  long  ruler  baring  a  grooTcfi  edge, 
down  which  a  heavy  ball  was  made  to  roll.  In  this  way 
he  reduced  the  Telocity,  and  diminished  the  iutorfering 
resistance  of  the  atmosphere  without  otherwise  changing 
the  nature  of  the  motion. 
Let  AB  represent  a  plane  bo 
inclined  that  the  velocity  of 
a  body  rolhng  from  B  toward  ' 
A  will  be  readily  observable. 
Let  0  be  a  heavy  ball.  The 
gravity  of  the  ball  may  be 
represented  by  the  vertical 
line  OD.  But  CD  may  be  resolved  into  CF,  which  repre- 
sents a  force  acting  perpendicular  to  the  plane  and  pro- 
ducing pressure  upon  it  but  no  motion  at  all,  and  CE, 
which  represents  a  force  acting  parallel  to  the  plane,  the 
only  force  of  any  effect  in  producing  motion.  It  may  be 
shown  geometrically  that 

EC  :  CD  : :  BG :  BA.    ( Olney's  Oeamefry,  Art.  341.) 

By  reducing,  therefore,  the  inclination  of  the  plane  we 
may  reduce  the  magnitude  of  the  motion-producing  com- 
ponent of  the  foi-ce  of  gravity  and  thus  rednce  the  velocity. 
This  will  not  affect  the  laws  of  the  motion,  that  motion 
being  changed  only  in  amount, 
not  at  all  in  character. 

123.  Attwood*8  Device. 

—For  the  purpose  of  lessening 
the  velocity  of  falling  bodies 
without  changing  the  character 
of  the  motion,  Mr.  Attwood 
devimd  a  machine  which  has 
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taken  bis  name.  Att 
wood's  maobine  ooiudBti 
eBsentially  of  s  wheel 
B,  aboat  six  inchei 
in  diameter,  over  the 
grooTed  edge  of  wbioli 
are  balanced  two  eqoal 
weighta,  suspended  by 
a  long  silk  thread,  which 
is  both  light  and  strongs 
The  axle  of  this  whed 
is  Bupported  apon  tbs 
circumferences  of  foui 
friction  wheels,  r,  r,r,T. 
for  greater  delicacy  d 
motion.  As  the  thread 
is  BO  light  that  iti 
weight  may  be  disre- 
garded, it  is  erident 
tiiat  the  weights  will  be 
ill  equilibrium  whatevcc 
their  position 

This  apparatus  ia  snp' 
ported  upon  a  woodea 
pillar,seTen  or  eight  feet 
high.  The  silk  ooid 
curying  E,  one  of  the 
weights,  passes  in  front 
of  a  graduated  tod 
which  carries  a  moTable 
ring  6,  and  a  morabla 
platform  A.  Atthetop 
of  the  pillar  is  a  plate  14 
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which  maybe  fastened  in  a  horzontal  position  for  the 
support  of  K  at  the  top  of  the  gr^uated  rod.  This  plate 
may  also  be  dropped  to  a  vertical  position^  thus  allowing  K, 
when  loaded,  to  fall.  A  clock,  with  a  pendulum  beating 
seconds,  serves  for  the  measurement  of  time,  and  the  drop 
^ping  of  the  plate  at  the  top  of  the  pillar.  A  weight  oi 
rider,  772,  is  to  be  placed  upon  K,  and  give  it  a  downward 
motion.  Levelling  screws  are  provided  by  means  of  which 
the  graduated  rod  may  be  made  vertical,  and  K  be  made 
to  pass  through  the  middle  of  B. 

(a.)  Suppose  that  E  and  E'  weigh  815  grains  each,  and  that  the 
rider  m  weighs  10  grams.  When  m  is  placed  upon  K  and  the  plate 
dropped  by  the  action  of  the  clock,  the  gravity  of  m  causes  the 
weights  to  move.  We  now  have  the  motion  of  640  grams  produced 
by  the  gravity  of  only  10  grams.  When  this  force  (gravity)  moves 
only  10  grams  it  wiU  give  it  a  certain  velocity.  When  the  same 
]&)rce  moves  640  grams  it  has  to  do  64  times  as  much  work,  and  can 
do  it  with  only  ^  the  velocity.  In  this  way  we  are  able  to  give  to 
E  and  m  any  vdodty  of  fall  that  we  desire. 

123.  Experiments. — Arrange  the  apparatus  by  sup- 
porting K  and  m  upon  the  shelf  n.  As  the  hand  of  the 
clock  passes  a  certain  point  on  the  dial,  12  for  example, 
the  shelf  n  is  dropped  and  the  weights  begin  to  move.  By 
a  few  trials,  B  may  be  so  placed  that  at  the  end  of  one 
second  it  will  lift  m  from  K,  and  thus  show  how  far  the 
weights  fall  in  one  second.  Other  experiments  will  show 
how  many  such  spaces  they  will  fall  in  the  next  second  or 
in  two  seconds ;  in  the  third  second  or  in  three  seconds; 
in  the  fourth  second  or  in  four  seconds,  etc. 

Suppose  that  B  lifts  off  m  at  the  end  of  the  first  second. 
The  moving  force  being  no  longer  at  work,  inertia  will 
keep  K  moving  with  the  same  velocity  that  it  had  at  the 
end  of  the  first  second.  By  placing  A  so  that  K  will  reach 
it  at  the  end  of  the  second  second,  the  di&taaic^  K&  n^*^ 


63  FALLING  BODIS& 

indicate  the  velocity  with  which  K  was  monng  when  it 
passed  B  at  the  end  of  the  first  second.  In  a  similar  wa; 
the  velocity  at  the  end  of  the  second^  third,  or  fourth 
second  may  be  found. 

1!34.  Results. — Whatever  the  space  passed  over  in  the 
8rst  second  by  the  weights  or  the  ball,  it  will  be  fonni 
that  there  is  an  uniform  increase  of  velocity.  Galileo  found 
that  if  the  plane  was  so  inclined  that  the  ball  would  roll 
one  foot  during  the  first  second,  it  would  roll  three  feet 
during  the  next  second,  five  feet  daring  the  third,  and  so 
on,  the  common  difference  being  two  feet,  or  twice  the  dis- 
tance traversed  in  the  first  second. 

He  found  that  under  the  circumstances  supposed,  the 
ball  would  have  a  velocity  of  two  feet  at  the  end  of  the 
first  second,  of  four  feet  at  the  end  of  the  next,  of  six  fe^ 
at  the  end  of  the  third,  and  so  on,  the  increase  of  velocity 
during  the  first  second  being  the  same  as  the  increase 
during  any  subsequent  second. 

He  found  that,  under  the  circumstances  supposed,  the 
ball  would  pass  over  one  foot  during  one  second,  four  feet 
during  two  seconds,  and  nine  feet  during  three  seconds, 
and  so  on.  Similar  results  may  be  obtained  with  Att- 
wood's  machine. 

125.  Table  of  Results. — ^These  results  are  gener* 
alized  in  the  following  table,  in  which  t  represents  any 
given  number  of  seconds : 

Number  of      Spaces  fallen  during       Velocities  at  th4  End       Total  Number  4$ 
Seconds,  each  Second.  qf  each  Second,  SipaeetXoOmL 

1 1 2 1 

2 8 4 4 

8 6 6 9 

4 7 8 16 

etc                    etc                          etc.                      etc 
t JSU-l 2t «• 
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jdlhi^  at  the  rate  of  13  ft.  a  second.    Over  what  space  does  hfl 
ictuauy  move  duiing  20  seconds  ? 

6.  A  foot-ball  simultaneously  receives  three  horizontal  blows ;  oni 
&om  the  iiorth  having  a  force  of  10  pounds;  one  from  the  east  having 
a  force  of  15  pounds,  and  one  from  the  south-east  having  a  force 
ol  804  kinetic  units.     Determine  the  direction  of  its  motion. 

7.  W&y  does  a  cannon  recoil  or  a  shot-gun ''  kick  "  when  fired? 
Why  does  not  the  velocity  of  the  gun  equal  the  velocity  of  the  shot? 

li.  If  the  river  mentioned  in  the  third  problem  be  one  mile  wide, 
how  far  did  the  boat  move,  and  how  much  longer  did  it  take  to  crow 
than  it  the  water  had  been  still  ? 

9.  A  plank  12  feet  long  has  one  end  on  the  floor  and  the  other  end 
raised  6  feet.  A  50-pound  cask  is  being  rolled  up  the  plank.  Resolve 
ihe  gravity  of  the  cask  into  two  components,  one  perpendicular  to 
the  plank  to  indicate  the  plank's  upward  pressure,  and  one  parallel 
to  the  plank  to  indicate  the  muscular  force  needed  to  hold  the  cask 
in  plan.    Bind  the  magnitode  of  thia  needed  muscular  force. 

10.  To  how  many  F.  P.  S.  xmits  of  force  is  the  weight  of  60  lb. 
equal? 

11.  To  how  many  C.  G.  S.  units  of  force  is  the  weight  of  00  Kg» 
equal? 

Recapitulation. — To  be  amplified  by  the  pupil  for 
review. 
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GRAVITATION. 

98.  What  Is  Gravitation? — Every  parttde  of 
matter  in  the  universe  has  an  attraction  for 
every  other  particle.  This  attractive  force  is 
called  gravitation. 

99.  Three  Important  Facts.— In  respect  to 
gravitation,  three  important  facts  have  been  established  : 

(1.)  It  acts  instantaneously.  Light  and  electricity 
require  time  to  traverse  space ;  not  so  with  this 
foi'ce.  If  a  new  star  were  created  in  distant 
space,  its  light  might  not  reach  the  earth  for 
hundreds  or  thousands  of  years.  It  might  be  in- 
visible for  many  generations  to  come,  but  itapuH 
would  be  felt  by  the  earth  in  less  than  the  twink- 
lii^g  of  an  eye. 

(S.)  It  is  unaffected  hy  the  interposition  of  an% 
substance.  During  an  eclipse  of  the  sun,  the 
moon  is  between  the  sun  and  the  earth.  But 
at  such  a  time,  the  sun  and  earth  attract  each 
other  with  the  same  force  that  they  do  at  other 
times. 

(3.)  It  is  independent  of  the  hind  of  matter,  hut 
depends  upon  the  quantity  or  mass  and 
the  distance.  We  must  not  fall  into  the  error 
of  supposing  that  mass  means  size.  The  planet 
Jupiter  is  about  1300  times  as  large  as  the  earth, 
but  it  has  only  about  300  times  as  much  matter 
because  it  is  only  0.23  as  dense. 
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100.  Laws  of  Gravitation.— (1.)  Gravitation 
varies  directly  as  the  product  of  the  masses. 

(2.)  Gravitation  varies  inversely  as  the  square  of 
the  distance  (between  the  centres  of  gravity,  §  107). 

For  example,  doubling  the  product  doubles  the  attrac- 
tion ;  doubling  the  distance,  quarters  the  attraction ; 
doubling  both  the  product  and  the  distance  will  halve  the 
attraction.  Trebling  the  product  will  multiply  the  attrac- 
tion by  three;  trebling  the  distance  will  divide  the  attrac- 
tion by  nine  ;  trebling  both  the  product  and  the  distance 

(3        1\ 

101.  Equality  of  Attraction.  —  The  force 
exerted  by  one  body  upon  a  second  is  the  same  as 
that  exerted  by  the  second  upon  the  first. 

The  earth  draws  the  falling  apple  with  a  force  that  gives 
it  a  certain  momentum ;  the  apple  draws  the  earth  with  an 
equal  force  which  gives  to  it  an  equal  momentum. 

103.  Gravity. — The  most  familiar  illustration  of  grav- 
itation is  the  attraction  between  the  earth  and  bodies 
upon  or  near  its  surface.  This  particular  form  of  grav- 
itation is  commonly  called  gravity;  its  measure  is  weight; 
its  direction  is  that  of  the  plumb-line,  i,  e.,  vertical. 

103.  Weight. — The  weight  of  a  body  varies  directly 
as  the  mass  and  inversely  as  the  square  of  the  distance 
between  its  centre  of  gravity  and  that  of  the  earth. 
The  mass  of  the  earth  remaining  constant,  doubling  the 
mass  of  the  body  weighed  doubles  the  product  of  the  masses 
(§  100)  and,  consequently,  doubles  the  weight.  When  we 
ascend  from  the  surface  there  is  nothing  to  interfere  with  the 
working  of  this  law ;  but  when  we  descend  from  the  surface 
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we  leave  behind  us  particles  of  matter  whose  attraction 
partly  counterbalances  that  of  the  rest  of  the  earth. 

104.  An  Example. — Consider  the  earth's  radius 
to  be  4,000  miles,  and  the  earth's  density  to  be  uniform. 
At  the  centre,  a  body,  whose  weight  at  the  surface  ia 
100  pounds,  would  be  attracted  in  every  direction 
with  equal  force.  The  resultant  of  these  equal  and  oppo- 
site forces  would  be  zero,  and  the  body  would  have  no 
weight.  At  1,000  miles  from  the  centre,  one  fourth  of  the 
distance  to  the  surface,  it  would  weigh  25  pounds,  one- 
fourth  the  surface  weight ;  at  2,000  miles  from  the  centre, 
50  pounds ;  at  3,000  miles  from  the  centre,  75  pounds ;  at 
4,000  miles  from  the  centre,  or  the  surface  distance,  it 
would  weigh  100  pounds  or  the  full  surface  weight  If 
carried  up  still  further,  the  weight  will  decrease  according 
to  the  square  of  the  distance.  At  an  elevation  of  4,000 
miles  above  the  surface  (8,000  miles  from  the  centre)  it 
will  weigh  25  pounds,  or  one-fourth  the  surface  weight. 

105.  Law  of  Weight. — Bodies  weigh  most  at 
the  surface  of  the  earth.  Below  the  surfa^ce,  the 
iveight  decreases  as  the  distance  to  the  centre  de- 
creases. JO^ove  the  surface,  the  weight  decreases  as 
ihe  square  of  the  distance  from  the  centre  in- 
ceases. 

106.  Formulas    for    Gravity  Problems.— 

Representing  the  surface  weight  by  W  and  the  surface  dis- 
tance (4,000  miles)  by  D,  the  other  weight  by  w,  and  the 
other  distance  from  the  earth's  centre  by  rf,  the  above  laiv 
may  be  algebraically  expressed  as  follows: 

Below  the  earth's  surface :    w  \  W  i:  d  :  D. 
Above  the  earth's  surface:    w  :W  :\  L^:  dJ^. 
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Exercises. 


1.  How  £ar  below  the  surface  of  the  earth  will  a  ten-pound  ball 
weigh  only  four  pounds? 

QoiLviion, 


Formula :  w  :  W\\  d  :  D. 

Substituting :       4  :  10  ::  (2  :  4000 


d  =  1000,  the  number  of  miles 
from  the  centre. 


4000  — 1600  =  3400,  the  number  of  miles  below  the  surface.— --47w. 
d.  What  would  a  body  weighing  550  lbs.  on  the  surface  of  the 
earth  weigh  3,000  miles  below  the  surface  ?  Ana,  137}  lbs. 

3.  Two  bodies  attract  each  other  with  a  certain  force  when  they 
are  75  m.  apart  How  many  times  will  the  attraction  be  increased 
when  they  are  50  m.  apart  ?  Aru.  2}^. 

4.  Given  three  balls.  The  first  weighs  6  lbs.  and  is  25  ft.  distant 
from  the  third.  The  second  weighs  9  lbs.  and  is  50  ft.  distant  from 
the  third,  (a)  Which  exerts  the  greater  force  upon  the  third? 
ff>)  How  many  times  as  great  ?  Ans,  f . 

5.  A  body  at  the  earth's  surface  weighs  900  pounds  ;  what  would 
it  weigh  8,000  miles  above  the  surface  ? 

6.  How  far  above  the  surface  of  the  earth  will  a  pound  avoirdupois 
weigh  only  an  ounce?  Ans.  12,000  miles. 

7.  At  a  height  of  3»000  miles  above  the  surface  of  the  earth, 
what  would  be  the  difference  in  the  weights  of  a  man  weighing  200 
lbs.  and  of  a  boy  weighing  100  lbs.  ?  A  ns.  32.65  lb. 

8.  Find  the  weight  of  a  180  lb.  ball  (a)  2,000  miles  above  the 
earth's  surface  ;  (6)  2,000  miles  below  the  surface. 

9.  (a)  Would  a  50  lb.  cannon  ball  weigh  more  1,000  miles  above 
the  earth's  surface,  or  1,000  miles  below  it  ?    (b)  How  much  ? 

10.  If  the  moon  were  moved  to  three  times  its  present  distance 
from  the  earth,  what  would  be  the  effect  (a)  on  its  attraction  for 
the  earth  ?    (6)  On  the  earth's  attraction  for  it  ? 

11.  How  far  below  the  surface  of  the  earth  must  an  avoirdupois 
pound  weight  be  placed  in  order  to  weigh  one  ounce  ? 

12.  How  far  above  the  surface  of  the  earth  must  2,700  pounds  be 
placed  to  weigh  1,200  pounds  ?  Ana.  2,000  miles. 

13.  What  effect  would  it  have  on  the  weight  of  a  body  to  double 
the  mass  of  the  body  and  also  to  double  the  mass  of  the  earth  ? 

107.  Centre  of  Gravity. — The  centre  of  grav- 
ity of  a  body  is  the  point  about  which  all  thr 
matter  composing  the  body  may  be  balanced, 
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The  force  of  gravity  tends  to  draw  erery  particle  oJ 
mutter  toward  the  centre  of  the  earth,  oi  downward  in  a 

vertical  line.  We  may  therefore 
consider  the  effect  of  this  force 
upon  any  body  as  the  ^um  of  an 
almost  infinite  number  of  paral- 
lel forces,  each  of  which  is  acting 
upon  one  of  the  molecules  of 
which  that  body  is  composed. 
We  may  also  consider  this  sum 
of  forces,  or  total  gravity,  as 
acting  upon  a  single  point,  just 
as  the  force  exerted  by  two 
horses  harnessed  to  a  whiflle- 
tree  is  equivalent  to  another  force  (resultant)  equal  to  the 
sum  of  the  forces  exerted  by  the  horses,  and  applied  at  a 
ringle  point  at  or  near  the  middle  of  the  whiffle-tree. 
This  single  point,  which  may  thus  be  regarded  as  the 

point  of  application  of  the 
force  of  gravity  acting  upon  a 
body,  is  called  the  centre  of 
gravity  of  that  body.  In  other 
words,  the  weight  of  a  body 
may  be  considered  as  concen- 
trated at  the  centre  of  gravity. 

108.  How  to  find  the 
Centre  of  Gravity.  —  In 

a  freely  moving  body,  the  cen- 
tre of  gravity  will  be  brought 
as  low  as  possible,  and  will, 
therefore,  lie  in  a  vertical  line 
Fig.  19.  drawn   through   the  point  of 


9BAVJTAT10N. 


JSX 


Bapport.    This  &ct  affords  a  ready  means  of  determining 
the  centre  of  gravity  experimentally. 

Let  any  irregularly  shaped  body^  as  a  stone  or  chair,  be 
gospended  so  as  to  moye  freely.  Drop  a  plumb-line  from 
the  point  of  suspension,  and  make  it  fast  or  mark  its  direo* 
tion.  The  centre  of  gravity  will  lie  in  this  line.  From  a 
tecond  point,  not  in  the  line  already  determined,  suspend 
the  body ;  let  fall  a  plumb-line  as  before.  The  centre  of 
gravity  will  lie  in  this  line  also.  But  to  lie  in  both  lines,  the 
centre  of  gravity  must  lie  at  their  intersection.    (Fig.  19.) 

109.  May  be  Outside  of  the  Body.— The  cen* 
tre  of  gravity  may  be  outside  of  the  matter  of  which  a 
body  consists,  as  in  the  case  of  a  ring,  hollow  sphere,  box, 
or  cask.    The  same  fact  is  illustrated  by  the  *^  balancer,"* 

represented  in  the  figure.  The  centre 
of  gravity  is  in  the  line  joining  the 
two  heavy  balls,  and  thus  under  the 
foot  of  the  waltzing  figure.  But  the 
point  wherever  found  will  have  the 
same  properties  as  if  it  lay  in  the  mass 
of  the  body.  In  a  freely  falling  body, 
no  matter  how  irregular  its  form,  or 
how  indescribable  the  curves  made  by 
any  of  its  projecting  parts,  the  line  of 
direction  in  which  the  centre  of  grav- 
ity  or  point  of  application  moves  will 
be  a  vertical  line  (§  65  [2]  ). 

Fia  9a  110.  Equilibrium.— Inasmuch 

as  the  centre  of  gravity  is  the  point  at 
which  tht  weight  of  a  body  is  concentrated,  when  the 
i^ntre  of  ^aidty  is  supporteA^  tHe  luTioXe  "bodij  iajWX 
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rest  in  d  state  of  equUibHum.  The  centre  of  grrstttj 
v^ill  be  supported  when  it  coincides  with  the  point  of  sup* 
port,  or  is  in  the  same  Yei*tical  line  with  iti 

111.  Stable  Equilibrium. — A  body  supported, 
tn  such  a  way  that,  when  slightly  displaced  from 
(its  position  of  equilibrium,  it  tends  to  return 
to  that  position,  is  said  to  be  in  stable  equUi* 
brium.  Such  a  dlFplacement  raises  the  centre  of  gray- 
ity.  Examples:  a  disc  supported  above  the  centre;  a 
semi-spherical  oil-can;  a  right  cone  placed  upon  ita 
base;  a  pendulum  or  plumb-line.  The  cavailiy-man 
represented  in  Fig.  21,  is  in  stable  equilibriomi  and 
may  rock  up  and  down, 
balanced  upon  his  horse's 
hind -feet,  because  the 
heavy  ball  brings  the  cen- 
tre of  gravity  of  the  com- 
bined mass  below  the 
points  of  support.  The 
*^  balancer '*  (Fig.  20)  af- 
fords another  example  of 
stable  equilibrium. 


Fig.  21. 


113.  Unstable  Equi- 
ttbrium. — A   body    sup^ 

ported  in  such  a  why  that,  when  slightly  displaced 
from  its  position  of  eqiiilibHum,  it  tends  to  faU 
fuHher  from  that  position,  is  said  to  be  in  unstable 
equilibrium.  Such  a  displacement  lowers  the  centre  ol 
gravity.  The  body  will  not  come  to  rest  until  the  centre 
of  gravity  has  reached  the  lowest  possible  point,  when  it 
will  be  in  stable  equilibrium.^    Examples:  A  disc  snpt 
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ported  belov  its  centre ;  a  right  cone  placed  on  ite  apex, 
an  egg  standing  on  its  end;  or  a  stick  balanced  upright 
opon  the  finger. 

113.  Neutral  Equilibrium.—.^  bodij  supported 
in  such  a  way  that,  when  displaced  from  its 
position  of  equilibrium,  it  teTid,s  neither  to  return 
to  its  former  position  nor  to  fall  further  from  it, 
is  eaid  to  be  in  neutral  or  indifferent  equilibrium: 
Snob  a  displacement  neither  raises  nor  lowers  the  centre 
ot  gravity.  Examples:  A  disc  supported  at  its  centre ;  a 
E^here  resting  on  a  horizontal  sarface  ;  a  right  cone  rest- 
ing  on  its  sida 

(a.)  Li  the  accompanying  ftgnre  M,  N  and  0  Tepresant  three  cones 

II  placed  respectively 

in  tliese  tliree  con. 

ditioiiH    of    cciuiJi 

bnum     The  letter 

g  kIiowb  the  poai 

tioii  of  the  centre 

of  gravitj  in  each. 

If   a    body    have 

two  or  more  points 

of  Hupport  lyingin 

the  »me  straight  Hoe,  the  body  will  be  In  neutral,  stable  or  unstable 

eqnlllbrinm  aceording  as  the  centre  of  gravity  lies  in  this  line,  is 

dlractly  tielow  it  or  above  It 

114.  Line  of  Direction. — ^  vertical  line  drmvn 
downiffard  froTH  the  centre  of  gravity  is  called  the 
line  of  direction.  Ab  we  haye  seen,  it  represents  the 
direction  in  which  the  centre  of  gravity  wonld  move  if 
the  body  were  unsupported.  It  may  he  considered  as  a 
line  connecting  the  centre  of  gravity  of  the  ^ven  body 
and  the  centre  of  the  earth. 

115.  Tlie  Base. —  The  side  on  which  a  tody 
re«*a  is  called  its  base.    If  the  body  be  supported  on 
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legs,  as  a  oliaar,  the  txtse  is  tlie  polygon  formed  by  joinlni 
the  pointa  of  snpport. 

116.  Stability. — W%en  the  line  of  direction 
falls  tuithiiv  the  base,  the  body  stands ;  when  with^ 
oat  the  base,  the  body  faUs. 

In  the  case  of  the  tower  represented  in  Fig.  23,  if  ths 
apper  part  be  rcmoTed,  the  line  of  direction  will  be  as 
shown  by  the  left  hand  dotted  line.  It  falls  within  the 
\»ase,  and  the  tower  stands.  When  the  upper  part  is  fast- 
ened to  the  tower,  the  line  of  direction  is  represented  by 
the  right  hand  dotted  line.  This  fallfl 
without  the  base,  and  the  toi  er  falls. 
The  stability  of  bodies  is  measured 
by  the  amount  of  work  necessary  to 
jrTertum  them.  This  depends  upon 
ihe  distance  that  it  is  necessary  to 
Mise  the  centre  of  gravity  (equivalent 
to  raising  the  whole  body),  that  the 
line  of  direction  may  fkll  without  the 
base.  Wben  the  body  rests  upon  a 
point,  as  does  the  sphere,  or  upon  a 
line,  as  does  the  cylinder,  a  very  slight 
force  is  sufBcient  to  move  it,  no  elevation  of  the  centre  ot 
gravity  being  necessary.  The  broader  the  base,  and  the 
lower  the  centre  of  gravity,  the  greater  the  stability. 

117.  Illustrations  of  Stability.— Let  the  figure 
Mpreeent  the  vertical  section  of  a  brick  placed  upon  iti 
aide,  its  position  of  greatest 

itability.  In  order  to  stand 
the  brick  npon  its  end,  g,  the 
oentre  of  gravity,  must  pass 
over  the  edge.c    That  it  to 
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r&j,  the  centre  of  gravitj  mast  be  nu'sed  a  distance  equal 
to  the  difference  hetweea  ga  and  ge,  or  the  distance  n& 
Bat  to  lift  g  tbii  diitanoo  is  th«  same  as  to  lift  the  whole 
brick  Terfacally  a  distance  eqnal  to  nc.  Now  draw  similar 
figores  for  the  brick  when  placed  tipon  its  edge  and  upon 
its  end.  In  each  case  make  gn  equal  to  ga,  and  see  that, 
the  Talae  of  nc  decreases.  But  ne  represents  the  distance 
that  the  brick,  or  its  centre  of  grarity,  mnst  be  raised 
before  the  line  of  direction  can  fall  withont  the  base,  and 
the  body  be  overtomed.  To  lift  the  brick,  or  itB  centre  of 
gravity,  a  small  distance  involves  less  work  than  (o  lift  it 
t  greater  distance.  Therefore,  the  greater  the  valne  of  nc, 
the  more  work  required  tn  overtom  the  body,  or  the 
greater  its  stability.  But  this  greater  value  of  nc  evidently 
depends  npon  a  larger  base,  a  lower  position  for  the  centre 
(A  gravity,  or  both. 


Fig.  25. 

(a.)  Theae  facts  eiplua  the  stabUit]r  of  leaning  towers  like  thujb 
(4  Plaa  and  Bologna.  Id  aome  such  towers  tbe  centre  of  gravit; 
ta  lowered  by  udng  beavj  roBterials  for  tlie  lower  part  and  light 
mateiialB  for  the  upper  pan  cl  tbe  frtracture.  It  is  difficult  tj^  stand 
upon  one  foot  or  to  walk  upon  a  tight  rope  because  of  tbe  smallneN 
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of  the  base.  A  porter  carrying  a  pack  Is  obliged  to  lean  forward ; 
a  man  carrying  a  load  in  one  hand  is  obliged  to  lean  away  from  the 
load,  to  keep  the  common  centre  of  gravity  of  man  and  load  over 
the  base  formed  by  joining  the  extremities  of  his  feet.  Why  does  a 
person  stand  less  firmly  when  his  feet  are  parallel  and  close  together 
than  when  they  are  more  gracefully  placed  ?  Why  can  a  child  walk 
more  easily  with  a  cane  than  without  ?  Why  will  a  book  placed  on 
a  desk-lid  stay  there  while  a  marble  would  roll  off  ?  Why  is  a  ton 
of  stone  on  a  wa^on  less  likely  to  upset  than  a  ton  of  hay  similarl} 
placed' 

EXEBCISES. 

Esoplanatory  Note. — ^The  first  problem  in  the  table  below  may  be 
read  as  follows :  What  will  be  the  weight  of  a  body  which  weighs 
1200  pounds  at  the  surface  of  the  earth,  when  placed  2000  miles 
below  the  surface?  When  placed  4000  miles  above  the  surface? 
(Radius  of  earth =4000  miles.)  All  of  the  measurements  are  from 
the  surface. 


!    & 

BUTiOW  SUBPAOB. 

At  Sukfaob. 

Aboyx  Subfacb. 

1^ 

Pounds. 

Miles  from 
Surface. 

Pounds. 

Pounds. 

Miles  from 
SnrfiAce. 

1 

? 

2000 

1200 

? 

4000 

2 

800 

? 

1200 

683i 

? 

8 

? 

8000 

800 

? 

6000 

4 

? 

1000 

150 

? 

1000 

5 

100 

? 

400 

100 

? 

6 

260 

8000 

? 

? 

4000 

7 

? 

1600 

? 

32 

6000 

8 

12J 

? 

100 

25 

? 

9 

? 

8250 

480 

? 

2000 

10 

90 

? 

450 

50 

? 

11 

160 

? 

256 

? 

IdOOO 

12 

201.6 

2600 

? 

16 

? 

13 

256 

? 

? 

40.96 

16000 

14 

20250 

? 

824000 

9000 

? 

•15  j 

? 

8200 

? 

1280 

9000 
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Recapitulation. — In  this  sectiou  we  have  considered 
Gravitation;  Facts  concerning  it;  its  Law; 
Gravity;  'Weight;  Law  of  Weight;  Centre 
of  Gravity;  Equilibrium  aud  Stability  oi 
Bodies. 


j^Section  in. 

FALLING    BODIES. 

118.  A  Constant  Force. — The  tendency  of  force 
is  generally  to  produce  motion.  Acting  on  a  given  maai 
for  a  given  time,  a  given  force  will  produce  a  certain 
velocity.  If  the  same  force  acts  on  the  same  mass  foi 
twice  the  time  it  will  produce  a  double  velocity.  A  force 
which  thus  continues  to  act  uniformly  upon  a 
body,  even  after  the  body  has  begun  to  move,  i$ 
called  a  constant  force.  The  velocity  thus  produced 
is  called  a  uniformly  accelerated  velocity.  If  a  constant 
force  gives  a  body  a  velocity  of  10  feet  in  one  second,  it 
will  give  a  velocity  of  20  feet  in  two  seconds,  of  30  feet  in 
three  seconds,  and  so  on.  The  force  of  gravity  is  a  con* 
stant  force  and  the  velocity  it  imparts  to  the  falling  bodj 
is  a  uniformly  accelerated  velocity. 

119.  Velocities   of    Falling    Bodies.— If    • 

feather  and  a  cent  be  dropped  from  the  same  height,  the 
3ent  will  reach  the  ground  first.  This  is  not  because  the 
aent  is  heavier,  but  because  the  feather  meets  with  more 
resistance  from  the  air.  If  this  resistance  can  be  removed, 
the  two  bodies  w'lU  Ml  equal  distances  in  e^yx'eX  ^\\x\vi'^^ 
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or  wUl  &1I  with  the  same  velocity.     This  reBietanoc  maj 
be    avoided  by  trying  the  expcai- 
JL  ment  in  a  glass  tnbe  from  which 

^  the  sir  has  beea  rtmoved.    The  ifr 

BJatances  may  be  nearly  equalized  by 
makiDg  the  two  falling  bodiea  of 
the  same  size  and  shape  but  of  dif- 
ferent weights.  Take  an  iron  and 
a  wooden  ball  of  the  same  size,  drop 
them  at  the  same  time  from  an 
upper  window,  and  notice  that  they 
will  strike  the  ground  at  sensibly 
the  same  time. 

ISO.  Reason  of  this  Equal- 
ity.— The  cent  is  heavier  than  the 
feather  and  is  therefore  acted  upon 
by  a  greater  force.  The  iron  ball 
has  the  greater  weight,  which  shows 
'-  that  it  is  acted  upon  by  a  greater 
force  than  the  wooden  ball.  But 
Fig.  26.  this  greater  force  has  to  move  a 

greater  mass,  has  to  do  more  work 
than  the  lesser  force.  For  the  greater  force  to  do  the 
greater  work  requires  as  Tnuch  time  as  for  the 
lesser  force  to  do  the  lesser  work.  The  working  force 
and  the  work  to  be  done  increase  in  the  same  ratio.  A 
regiment  will  march  a  mile  in  no  less  time  than  a  single 
soldier  would  do  it ;  a  thousand  molecules  can  fall  no  fniv 
ther  in  a  second  than  a  single  molecule  can. 

181.  Galileo*8  Device. — To  avoid  the  necessity 
for  great  heights,  and  the  interference  of  rapid  motion 
wiHi  aocarate  observations,  Qalileo    used   au   mdioed 
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Fig.  37. 


plane,  oondsting  of  a  long  ntler  having  a  grooved  edge, 
down  which  a  heavy  ball  was  made  to  roll,  tn  this  way 
he  reduced  the  velocity,  and  dimiuiBhed  the  iuterferiag 
ledstance  of  the  atmosphere  withoat  otherwise  changing 
the  nature  of  the  motion. 
Let  AB  repraaent  a  plane  bo 
Inclined  that  the  velocity  of 
a  body  rolling  from  B  toward  ■ 
A  will  be  readily  observable. 
Let  0  be  a  heavy  ball.  The 
gravity  of  the  ball  may  be 
represented  by  the  vertical 
line  CD.  But  CD  may  be  resolved  into  OF,  which  repre> 
jents  a  force  acting  perpendicular  to  the  plane  and  pro- 
ducing presBore  upon  it  hut  no  motion  at  all,  and  CE, 
which  represents  a  force  acting  parallel  to  the  plane,  the 
only  force  of  any  effect  in  producing  motion.  It  may  bo 
shown  geometrically  that 

EC  :  CD  ::  BG  :  BA.    {Olney's  Oeameiry,  Art.  341.) 

By  reducing,  therefore,  the  inclination  of  the  plane  we 
may  reduce  the  magnitude  of  the  motion -producing  com- 
ponent of  the  foree  of  gravity  and  thus  reduce  the  velocity. 
This  will  not  affect  the  laws  of  the  motion,  that  motion 
being  changed  only  in  amount, 
not  at  all  in  character. 

1S3.  Attwood's  Device. 

— For  the  purpose  of  lessening 
the  velocity  of  falling  bodies 
without  changing  the  charactor 
of  the  motion,  Mr.  Attwood 
devised  a  macbine  which  has 
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taken  his  name.  Att 
wood's  machine  consisti 
essentially  of  a  wheel 
£,  aboat  six  iucbes 
in  diameter,  over  the 
grooTed  edge  of  which 
are  balaneei^  two  eqnal 
weights,  suspended  by 
a  long  silk  thread,  which 
is  both  light  and  strong. 
The  axle  of  this  wheel 
is  supported  upon  the 
circamferences  of  foni 
friction  wheels,  r,  t,  t,  r. 
toT  greater  delicacy  d 
motion.  As  the  thread 
iB  so  light  that  its 
weight  may  be  disre- 
garded. It  is  evident 
that  the  weights  will  be 
in  equihbrium  whateyei 
their  position 

This  apparatus  is  sup- 
ported upon  a  wooden 
pillar,  seven  or  eight  feet 
high.  The  silk  cord 
carrying  K,  one  of  the 
weighte,  passes  in  front 
of  a  graduated  rod 
which  carries  a  moTabU 
ring  B,  and  a  movable 
platform  A.  Atthetop 
of  the  pillar  is  a  plate  i^ 
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which  maybe  fastened  in  a  horizontal  position  for  the 
support  of  K  at  the  top  of  the  graduated  rod.  This  plate 
may  also  be  dropped  to  a  yertical  position,  thus  allowing  E, 
when  loaded,  to  fall.  A  clock,  with  a  pendulum  beating 
seconds,  serves  for  the  measurement  of  time,  and  the  drop 
.ping  of  the  plate  at  the  top  of  the  pillar.  A  weight  ot 
rider,  m,  is  to  be  placed  upon  K,  and  give  it  a  downward 
motion.  Levelling  screws  are  provided  by  means  of  which 
the  graduated  rod  may  be  made  vertical,  and  K  be  made 
to  pass  through  the  middle  of  B. 

(a.)  Suppose  that  E  and  E'  weigh  315  grams  each,  and  that  the 
rider  m  weighs  10  grams.  When  m  is  placed  upon  K  and  the  plate 
dropped  by  the  action  of  the  clocks  the  gravity  of  m  causes  the 
weights  to  move.  We  now  have  the  motion  of  640  grams  produced 
by  the  gravity  of  only  10  grams.  When  this  force  (gravity)  moves 
only  10  grams  it  wiU  give  it  a  certain  velocity.  When  the  same 
&rce  moves  640  grams  it  has  to  do  64  times  as  much  work,  and  can 
do  it  with  only  ^  the  velocity.  In  this  way  we  are  able  to  give  to 
K  and  m  any  velocity  of  fall  that  we  desire. 

1!33.  Experiments. — ^Arrange  the  apparatus  by  sup- 
porting K  and  m  upon  the  shelf  n.  As  the  hand  of  the 
clock  passes  a  certain  point  on  the  dial,  12  for  example, 
the  shelf  n  is  dropped  and  the  weights  begin  to  move.  By 
a  few  trials,  B  may  be  so  placed  that  at  the  end  of  one 
second  it  will  lift  m  from  K,  and  thus  show  how  far  the 
weights  fall  in  one  second.  Other  experiments  will  show 
how  many  such  spaces  they  will  fall  in  the  next  second  or 
k  two  seconds ;  in  the  third  second  or  in  three  seconds; 
in  the  fourth  second  or  in  four  seconds,  etc. 

Suppose  that  B  lifts  off  m  at  the  end  of  the  first  second. 
The  moving  force  being  no  longer  at  work,  inertia  will 
keep  K  moving  with  the  same  velocity  that  it  had  at  the 
end  of  the  first  second.    By  placing  A  so  that  K^\\\  T^^Otv 
it  at  the  end  of  the  second  second,  the  distaace^  KB  V^ 
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indicate  the  velocity  with  which  K  was  moving  when  ii 
passed  B  at  the  end  of  the  first  second.  In  a  similar  wa; 
the  velocity  at  the  end  of  the  second,  third,  or  fourth 
second  may  be  found. 

124,  Results. — Whatever  the  space  passed  over  in  the 
Srst  second  by  the  weights  or  the  ball,  it  will  be  found 
that  there  is  an  uniform  increase  of  velocity.  Galileo  found 
that  if  the  plane  was  so  inclined  that  the  ball  would  roll 
one  foot  during  the  first  second,  it  would  roll  three  feet 
during  the  next  second,  five  feet  during  the  third,  and  so 
on,  the  common  difference  being  two  feet,  or  twice  the  dis- 
tance traversed  in  the  first  second. 

He  found  that  under  the  circumstances  supposed,  the 
ball  would  have  a  velocity  of  two  feet  at  the  end  of  the 
first  second,  of  four  feet  at  the  end  of  the  next,  of  six  feet 
at  the  end  of  the  third,  and  so  on,  the  increase  of  velocity 
during  the  first  second  being  the  same  as  the  increase 
during  any  subsequent  second. 

He  found  that,  under  the  circumstances  supposed,  the 
ball  would  pass  over  one  foot  during  one  second,  four  feet 
during  two  seconds,  and  nine  feet  during  three  seconds, 
and  so  on.  Similar  results  may  be  obtained  with  Att- 
wood's  machine. 

125.  Table  of  Results. — ^These  results  are  gener- 
alized in  the  following  table,  in  which  t  represents  any 
pven  number  of  seconds : 

Number  of      Spaces  faUen  during       Velocities  at  Ihe  End       Total  Number  <$ 
Seconds.  each  Second.  qf  each  Second,  Spaces  faOoL 

1 1 2 1 

2 3 4.... 4 

8 5 6 9 

4 7 8 16 

etc.                    etc.                          etc.                      eta 
/. J8^-l 2t «» 
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126.  Unimpeded  Fall,— By  transferring  mattei 
from  K'  to  K,  the  velocity  with  which  the  weights  move 
will  be  increased.  When  all  of  K'  has  been  transferred  to 
K,  the  weights  wiU  folly  in  this  latitude,  16.08  ft, 
or  4,9  m.  during  the  first  second. 

K  the  plane  be  given  a  greater  inclination,  the  ball  will, 
of  course,  roll  more  rapidly  and  our  unit  of  space  will  in« 
crease  from  one  foot,  as  supposed  thus  &r,  to  two,  three, 
four  or  five  feet,  and  so  on',  but  the  number  of  such  spaces 
will  remain  as  indicated  in  the  table  above.  By  disre- 
garding the  resistance  of  the  air,  we  may  say  that  when 
the  plane  becomes  vertical*,  the  body  becomes  a  freely 
felling  body.  Our  unit  of  space  has  now  become  16.08  ft. 
Dr  4.9  in.  It  will  fall  this  distance  during  the  first  second, 
three  times  this  distance  during  the  next  second,  five  times 
this  distance  during  the  third  second,  and  so  on. 

127.  Inerement  of  Velocity. — DuHng  the  first 
second  the  freely  falling  body  will  gain  a  velocity 
of  32.16  feet.  It  will  make  a  like  gain  of  velocity 
during  each  subsequent  second  of  its  fall.  This  distance 
is  therefore  called  the  increment  of  velocity  due  to  gravity, 
and  is  generally  represented  by  ^  =  32.16  ft.  or  9.8  m. 

Note — This  value  most  not  be  forgotten. 

128.  Formulas  for  Falling:  Bodies. — If  now  we 

represent  our  space  by  |^,  the  velocity  at  the  end  of  any 

second  by  v,  the  number  of  seconds  by  t,  the  spaces  fallen 

each  second  by  «,  and  the  total  space  fallen  through  by  5, 

we  shall  have  the  following  formulas  for  freely  falling 

bodies ' 

(1.)  v=gt  or  If  X  2t 

(2.)   5  =  4^(2^-1). 

(3.)  S=  ig  t\ 
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129.  Laws  of  Falling  Bodies. — These  formT]ki|ii 
may  be  translated  into  ordinary  language  as  follows :        |  \ 

(1.)  The  velocity  of  a  freely  falling  body  at  the  end  rf 
any  second  of  its  descent  is  equal  to  32.16  ft.  (9.8  m.)  imil-|  i 
tiplied  by  the  number  of  the  second. 

(2.)  The  distance  traversed  by  a  freely  taUing  bodj 
during  any  second  of  its  descent  is  equal  to  16.08  ft  (4.9  w.) 
'multiplied  by  one  less  than  twice  the  number  of  seconds. 

(3.)  The  distance  traversed  by  a  freely-falling  body 
during  any  number  of  seconds  is  equal  to  16.08  ft.  (4.9  m) 
multiplied  by  the  square  of  the  number  of  seoond& 

130.  For  Bodies  Boiling  Down  an  Inclined 
Plane. — ^If  the  body  be  rolhng  down  an  inclined  plane 
instead  of  freely  falling,  of  course  the  increment  of  velocity 
Hill  be  less  than  32.16  ft.  The  formulas  above  given  maj 
be  made  applicable  by  multiplying  the  value  of  g  by  thi 
ratio  between  the  height  and  length  of  the  plane. 

131.  Initial   Velocity  of  Falling  Bodies.- 

We  have  been  considering  bodies  falling  from  a  state  oi 
rest,  gravity  being  the  only  force  that  produced  the  motion. 
But  a  body  may  be  thrown  downward  as  well  as  dropped. 
In  such  a  case,  the  effect  of  the  throw  must  be  added  to 
the  effect  of  gravity.  It  becomes  an  illustration  of  the 
6r8t  case  under  Composition  of  Forces  (§  80),  the  resultant 
l)eing  the  sum  of  the  components.  If  a  body  be  thrown 
downward  with  an  initial  velocity  of  fifty  feet  per  second, 
the  formulas  will  become  v  =  £t  +  50 ;  s  =  ^g  {gt  — 1) 
+  50;  S  =  igt^  +  sot. 

133.  Ascending  Bodies. — In  the  consideration  of 
ascending  bodies  we  have  the  direct  opposite  of  the  laws  of 
falling  bodies.     When  a  body  is  thrown  downward,  graviigf 
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increases  its  velocity  every  second  by  the  qnantity  g. 
When  a  body  is  thrown  upward,  gravity  diminishes  its 
velocity  every  second  by  the  same  quantity.  Hence  the 
time  of  its  ascent  will  be  found  by  dividing  its  initial 
velocity  by  g.  The  initial  velocity  of  a  body  that 
tan  rise  against  the  force  of  gravity  for  a  given 
rvu/mher  of  seconds  is  the  same  as  the  final  velocity 
of  a  body  that  has  been  falling  for  the  same 
number  of  seconds. 

(a.)  The  spaces  traversed  and  the  velocities  attained  during  suc- 
cessive seconds  will  be  the  same  in  the  ascent,  only  reversed  in 
order.  If  a  body  be  shot  upward  with  a  velocity  of  321.6  feet,  it 
will  rise  for  ten  seconds,  when  it  will  fall  for  ten  seconds.  The 
tenth  second  of  its  ascent  will  correspond  to  the  first  of  its  descent^ 
i.  e.,  the  space  traversed  during  these  two  seconds  will  be  the  same ; 
the  eighth  second  of  the  ascent  will  correspond  to  the  third  of  its 
descent ;  the  end  of  the  eighth  second  of  its  ascent  will  correspond 
to  the  end  of  the  second  second  of  its  descent. 

133.  Projectiles. — ^Every  projectile  is  acted  upon  by 
three  forces : 

(1.)  The  impulsive  force,  whatever  it  may  bo. 
(2.)  The  force  of  gravity. 
(3.)  The  resistance  of  the  air. 

134.  Random  or  Range. — The  horizontal  dis- 
tanee  from,  the  starting-point  of  a  projectile  to 
where  it  strihes  the  ground  is  called  its  random 
or  range.  In  Fig.  30,  the  line  GE  represents  the  ran- 
dom of  a  projectile  starting  from  F,  and  striking  the 
ground  at  E. 

135.  Path  of  a  Projectile.— The  path  of  a  pro- 
jectile is  a  curve,  the  resultant  of  the  three  forces  above 
mentioned.  Suppose  a  ball  to  be  thrown  horizontally. 
Ite  impulsive  force  will  give  a  uniform  velocity,  and  may 
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be  represcDted  by  a  horizontal  line  divided  into  eqnd 
parte,  each  part  representing  a  space  equal  to  the  Telodty. 
The  force  of  graTit;  may  be 
"  represented  by  a  vertioal  lina 
divided  into  nneqaal  partg, 
representing  the  spaces  1, 3, 5, 7, 
etc,  over  which  gravity  "wooU 
'  move  it  in  siicoessiTe  seconds 
Constructing  the  paraJlelognuns 
of  forces,  we  find  that  at  the 
^  end  of  the  first  second  the  hall 
will  he  at  A,  at  the  end  of  the 
jext  second  at  B,  at  the  end  oi 
the  third  3t  0,  at  the  end  of  the 
'^^  fourth  at  D,  etc.  The  result- 
ant of  these  two  forces  is  a  curve 
ealled  a  parabola.  It  will  be  scon  that,  in  a  case  like  this, 
the  range  GE  may  be  found  by  multiplying  the  velocily 
by  the  number  of  seconds  it  will  take  the  body  to  Ml 
from  F  to  G.  The  resistance  of  the  air  modifies  the 
nature  of  the  carve  somewhat, 

136.  Time  of  a   Prqjectlle.— From  the  seoond 

law  of  motion,  it  follows  that  the  ball  shot  horizontally 
will  reach  the  level  ground  iu  the  same  time  aa  if  it  had 
been  dropped;  that  the  ball  shot  obliquely  upward  from  a 
horizontal  plain  will  reach  the  ground  in  twice  the  time 
required  to  fall  from  the  highest  point  reached.  Thete 
statements  may  be  easily  verified  by  expariment. 
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EXEBCISES. 

1.  What  will  be  the  velocity  of  a  body  after  it  has  fallen  4^ 
seconds? 

8dl/uUon:  v  =  fft, 

V  =  33.16x4. 

V  =  128.64.  Ans.  128.64  ft. 

2.  A  body  falls  for  several  seconds ;   during  one  it  passes  ovtt 
5d0.64  feet ;  which  one  is  it? 

Solution :  ^  =  iff  (2^  —  1). 

630.64  =  16.08  x  (2«  -  1). 
33-2^-1. 
34  =  2*. 
17  =  t  Ans,  17th  second. 

3.  A  body  was  projected  vertically  upward  with  a  velocity  =  96.48 
Seet ;  how  high  did  it  rise  i 

SolnUon  :  v  =  gt,    (See  §  132.) 

96.48  =  32.16*. 
3  =  *. 
8  =  \gt\ 
8  =  16.08  X  9. 
8  =  144.72.  Ans.  144.72  a 

4.  How  far  will  a  body  fall  during  the  third  second  of  its  fallt 
6.  How  far  will  a  body  fall  in  10  seconds  ?  Aiis,  1608  ft. 

6.  How  far  in  ^  second?  Ans.  4.02  ft. 

7.  How  far  will  a  body  fall  during  the  first  one  and  a  half  seconds 
of  its  fall? 

8.  How  far  in  12|  seconds  ? 

9.  A  body  passed  over  787.92  feet  during  its  fall ;  what  was  the 
time  required  ?  Ans,  7  sec. 

la  What  velocity  did  it  finally  obtain  ? 

11  A  body  fell  during  15  J  seconds  ;  give  its  final  velocity. 

12.  In  an  Attwood's  machine  the  w^hts  carried  by  the  threaJ 
due  6)  ounces  each.  The  friction  is  equivalent  to  a  weight  of  tw€ 
ounces.  When  the  **  rider,"  which  weighs  one  ounce,  is  in  position, 
what  wiD  be  its  gain  in  velocity  per  second  ?  Ans.  2.01  ft. 

13.  A  stone  is  thrown  horizontally  from  the  top  of  a  tower 
257.28  ft.  high  with  a  velocity  of  60  ft.  a  second.  Where  will  \1 
strike  the  ground  ?  Ans.  240  ft.  from  t\ie  \.OY*«t . 
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14.  A  body  falls  freely  for  6  seconds.    What  is  fhe  space  tni 
ersed  during  the  last  2  seconds  of  its  fall  ?  ■  g 

15.  A  body  is  thrown  directly  upward  with  a  velotdty  of  80.4ft  |£ 
{a)  What  will  be  its  velocity  at  the  end  of  3  seconds,  and  (b)  in  yiH 
direction  will  it  be  moving?  ■  i 

10.  In  Fig.  30,  what  is  represented  by  the  following  lines:  Rl|( 
Fa?  Aa?  Fc?  Dd?  • 

17.  A  body  falls  357.28  ft.  in  4  seconds.  What  was  its  initU 
velocity?  Ans.  26ft. 

18.  A  ball  thrown  downward  with  a  velocity  of  36  ft.  per  seoonl 
reaches  the  earth  in  12^  seconds,  {a)  How  far  has  it  moved,  urd 
(6)  what  is  its  final  velocity  ? 

19.  (a)  How  long  will  a  ball  projected  upward  with  a  velocity  d 
3,216  ft.  continue  to  rise  ?  (6)  What  will  be  its  velocity  at  tin 
end  of  the  fourth  second  ?    (c)    At  the  end  of  the  seventh  ? 

20.  A  ball  is  shot  from  a  gun  with  a  horizontal  velocity  of  1,006 
feet,  at  such  an  angle  that  the  highest  point  in  its  flight  rzz  257i8 
feet.     What  is  its  random?  Ans.  8000  ft 

21.  A  body  was  projected  vertically  downward  with  a  velocity  of 
10  feet ;  it  was  5  seconds  falling.  Required  the  entire  space  passed 
over.  Ana.  452  ft. 

22.  Required  the  final  velocity  of  the  same  body.   Ans,  170.8  ft. 

23.  A  body  was  5  seconds  rolling  down  an  inclined  plane  aoi 
passed  over  7  feet  during  the  first  second,  (a)  Give  the  entin 
space  passed  over,  and  (6)  the  final  velocity. 

24.  A  body  rolling  down  an  inclined  plane  has  at  the  end  of  thfl 
first  second  a  velocity  of  20  feet ;  {a)  what  space  would  it  pas 
over  in  10  seconds?  ip)  If  the  height  of  the  plane  was  800  ft, 
what  was  its  length?  Last  Ans,  1286.4  fi 

25.  A  body  was  projected  vertically  upward  and  rose  1802.48  feet 
give  (a)  the  time  required  for  its  ascent,  (&)  also  the  initial  velocity. 

26.  A  body  projected  vertically  downward  has  at  the  end  of  tha 
seventh  second  a  velocity  of  235.12  feet ;  how  many  feet  will  it  han 
passed  over  during  the  first  4  seconds  ?  Ans.  297.28  ft. 

27.  A  body  falls  from  a  certain  height ;  3  seconds  after  it  hai 
started,  another  body  falls  from  the  height  of  787.92  feet ;  fran 
what  height  must  the  first  fall  if  both  are  to  reach  the  giound  at 
the  same  instant  ?  Ans.  1606  fl 

Recapitulation.— To  be  amplified  by  the  pupil  fo) 

review. 
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f  ACTED  UPON  BY  A  CONSTANT  FORCE. 

RELATION  OF  WEIGHT  TO  VELOCITY. 

'  Illustbative  (     Galileo's,      ( „     ,.    .  . 

J     Affwrwl'L     J  Results  stated. 

APPAKATU8     \  ExpKnts.  \  «««""'  •«'"^'«* 

LAWS -<  Incbembnt  of   Velocity  with  j  unimpeded. 

Fall.  "j  impeded. 

Expressed  in \  Mattiematical  symbols. 

)  Orainary  language. 

EFFECT  OF  INITIAL  VELOCITY. 

RELATIONS  TO j^"^^  bodies  ( ^-l^^ 'o«e. 


j^SeCT^ON   IV. 

THE    PENDULUM. 

137.  The  Simple  Pendulum. — A  simple  pen- 
iulum  is  conceived  as  a  single  material  particle  sup- 
ported by  a  line  without  weight,  capable  of  oscillat- 
ing about  a  fixed  point.  Such  a  pendulum  has  a 
theoretical  but  not  an  actual  existence,  and  has  been  con- 
ceived for  the  purpose  of  arriving  at  the  laws  of  the  com- 
pound pendulum. 

138.  The  Compound  Pendulum. — A  com- 
pound or  physical  pendulum  is  a  weight  so  suspended 
as  to  he  capable  of  oscillating  about  a  fixed  point. 
The  compound  pendulum  appears  in  many  forms.  The 
most  common  form  consists  of  a  steel  rod,  thin  and  flexible 
at  the  top,  carrying  at  the  bottom  a  heavy  mass  of  metal 
known  as  the  hob.  The  bob  is  sometimes  spherical  but 
generally  lenticular,  as  this  form  is  less  subject  to  resistance 
from  the  air. 
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Fig.  31. 


139.  Motion   of  the   Pendulum.— When  M 

supporting  thread  or  har  is  vertical^  the  centre  of  gt«fm 

is  in  the  lowest  possible  position, 
aod  the  pendnlom  remains  it 
rest,  for  the  force  of  gravity  tends  I 
to  draw  it  downward  prodncbg 
pressure  at  the  point  of  suppoi^ 
but  no  motion.  But  when  the 
pendulum  is  drawn  tcom  its  Te^ 
tical  position^  the  force  of  gni- 
ity,  MG,  is  resolved  (§  91)  into 
two  components^  one  of  which, 
MG^  produces  pressure  at  the 
point  of  support^  while  the  othei^ 
MH,  acts  at  right  angles  to  it^ 
producing  motion.  Qrayity  there- 
fore draws  it  to  a  vertical  position,  when  inertia  carries  it 
beyond  until  it  is  stoj:ped  and  drawn  back  again  by  grav- 
ity.   It  thus  swings  to  and  fro  in  an  arc,  MNO. 

140.  Definitions. — The  motion  from  one  extremilj 
of  this  arc  to  the  other  is  called  a  vibration  or  oscillatioD. 
The  time  occupied  in  moving  over  this  arc  is  called  the 
time  of  vibration  or  oscillation.  The  angle  measured  by 
this  arc  is  called  the  amplitude  of  vibration.  The  trij 
from  M  to  0  is  a  vibration;  the  angle  MAO  is  the 
amplitude  of  vibration. 

141.  Centre  of  Oscillation.— A  short  pendulum 
vibrates  more  rapidly  than  a  long  pendulum  ;  this  is  a 
familiar  fact.  It  is  evident,  then,  that  in  every  pendulum 
(not  simple)  the  parts  nearest  the  centre  of  suspension  tend 
to  move  faster  than  those  farther  away,  and  force  them  tl 
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move  more  rapidly  than  they  otherwise  would.  On  the 
other  hand,  the  parts  furthest  from  the  centre  of  suspen- 
sion tend  to  move  more  slowly  than  those  nearer,  and  force 
these  to  retard  their  individual  rates  of  motion.  Between 
these  there  will  he  a  particle  moving,  of  its  own  accord, 
at  the  average  rate  of  alL  The  accelerating  tendency  of 
the  particles  above  it  is  compensated  by  the  retarding  ten- 
dency of  the  particles  below  it.  This  molecule,  there- 
fore, will  move  as  if  it  were  vibrating  alone,  sujh 
ported  by  a  thread  without  weight.  It  fulfills  all  the 
conditions  of  a  simple  pendulum.  This  point  is  called  the 
centre  of  oscillation. 

142.  The  Real  Leugrth  of  a  Pendulum.— Th^ 

laws  of  the  simple  pendulum  are  applicable  to  the  com- 
pound pendulum  if  we  consider  the  length  of  the  latter  to 
be  the  length  of  the  equivalent  simple  pendulum,  i.  e.,  the 
distance  between  the  centres  of  suspension  and 
oscillation.  We,  therefore,  may  say  that  the  real  length 
of  a  pendulum  is  the  distance  between  the  centre  of  sus- 
pension and  the  centre  of  oscillation.  The  real  length  is 
less  than  the  apparent  length  except  in  the  imaginary  case 
of  the  simple  pendulunL 

143.  First  Law  of  the  Pendulum.— ^e  vi- 

ibrations  of  a  given  pendulum,  at  any  given  place, 
are  isochronous,  i,  e,,  are  performed  in  equal  times, 
whether  the  are  be  long  or  snort.  Each  pupil  should 
satisfy  himself  of  the  truth  of  this  proposition,  by  the  only 
true  scieiltific  method,  experiment. 

144.  The    Cycloldal    Fendnlnin.  —  The  laze 
dbove  given  is  strictly  true  only  when  the  pendiu- 
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Uan,  vihratcs  in,  a  eydoidaZ  are.  A  cydolfl  is  tJw 
curre  traced  by  a  point 
in  tlie  circumference 
ofacircle  that  is  rolling 

along  a  straight  line. 
1  The  pendulum  maybe 
made  to  move  in  sach 
an  arc  by  suBpeuding 
a  small  heavy  ball  by 
a  thread  between  two 
cheeks  npon  which  the 

(bread  windg  as  the  pendulum  vibrates.     The  cheeks  mtut 

be  the  two  halves  of  a  cycloid;  each  cheek  must  have  the 

eame  length  ae  the  thread.    The  path  of  the  ball  will  be 

B  cycloid,  identical  with  that  to  which  the  cheeks  belong. 
(a.)  The  c^cloldul  pendulum  ta  of  little  practical   nae.    If  the 

tmplltade  of  an  ordinary  pendalum  do«B  not  exceed  five  degrees, 

Ihe  eirmlnr  are,  thus  described,  will  not  vary  much  from  the  tni« 

lycloldal  arc,  and  the  pendulum  will  be  practi- 

eailj  isochronous.     If  from  the   centre  of  bub- 

pension,  with  radiua  equal  to  the  len^h  of  the 

string,   a  circular  arc    be   described,   the    two 

turves  will  sensibly  coincide  for  at  least  five 

legreee.    This  is  why  the  pendulums  of  "reg- 

olator  "  clocks  have  a  small  swing  or  amplitude. 

145.  Second  liaw  of  the  Pen- 

dulnm. — I%e  time  of  vibration  is 
independent  of  the  weight  or  mate- 
rial of  the  pendulum,  depending  only 
apon  the  length  of  the  pendulum,  and  ' 
the  intensity  of  the  force  of  gravity  at  1 
any  given  place. 

'{a.)  Each  pupil  should  try  the  experimrait, 
at  home,  with  balls  of  equal  die  but  different  Fig.  33. 
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weight.  The  inveetment  of  a  little  time  and  Ingenuity  in  ^mple 
experiments  will  pay  large  dividends. 

146.  Third  Law  of  the  Pendulum.— The  yibra- 

tions  of  pendulums  of  differeot  lengths  are  performed  in 
fliffereot  times.  The  lengths  are  directly  proportioned 
to  the  squares  of  the  times  of  vibration,  or  in- 
verseiy  proportional  to  the  squares  of  the  numbers 
of  vibrations  in  a  given  time. 

Ifi^e.—Be  careful  to  diatinguish  oleariy  between  the  expreeaiona 
"times  of  vibration"  and  "numbers  of  vibration."     The  g 
the  (ink',  the  less  the  number.     You  maj  easUy 
verify  by  experiment  the  three  laws  alteady 
given  for  the  pendulum. 

147.  The  Secoud*s  Pendulom. 

it  the  equator,  the  length  of  a  second's 
eendvZum,  at  the  levei  of  the  sea,  is 
B9  inches ;  near  the  poles,  39.3 ;  in  this 
latitude  about  S9.1  inches  or  993-3 
mm.  As  snch  a  pendnlnm  would  be 
inconreniently  long,  nse  is  generally  made 
*f  one  one-fonrth  as  long,  which,  con- 
seqnently,  vibratee  half  secotids.  The 
length  and  time  of  vibration  of  this 
pendulum  being  thns  known,  the 
length  of  any  other  pendulum  may  be 
found  when  the  time  of  vibration  is 
.  given ;  or  the  time  of  vibration  may  be 
found  when  the  length  is  given.  The 
third  law  is  applicable  to  such  a  problem. 

148.  TTse  of  the  Pendulum  in 
Time-pieces.— The  motion  of  a  clock  is  due  to  the 
force  of  gravity  acting  npon  the  weights,  or  to  the  a' 
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ity  of  the  spring.  Bat  the  weights  have  a  tendency  towaid 
accelerated  motion  (falling  bodies),  while  the  Earing  would 
give  an  example  of  diminishing  motion.  Either  defect 
would  be  fatal  in  a  time-piece.  Hence  the  properties  of 
the  pendulum  set  forth  in  the  first  and  third  laws  an 
ased  to  regnlate  this  motion  and  make  it  available  for  the 
desired  end.  If  the  clock  gains  time,  the  pendulum  il 
lengthened  by  lowering  the  bob;  if  it  loses  tdme,  the  pen- 
dulnm  is  shortened  by  raising  the  bob. 

149.  Compeusation  Peuduliuns.— The  expan- 
sion of  metals  by  heat  is  a  familiar  fact.  Hence  the  ten- 
dency of  a  clock  to  lose  time  in  summer  and 
to  gain  time  in  winter.  One  plan  for  con& 
teracting  this  tendency  is  by  the  use  of  tla 
"  gridiron  "  pendulum  which  is  made  of  two 
substances  in  such  a  manner  that  the  down- 
ward expansion  of  one  will  be  exactly  com 
pensated  by  the  upward  expensiou  of  tba 
other.  In  the  figure,  the  heavy  single  linet 
represent  steel  roda,  the  effect  of  whose  ex- 
pansion will  be  to  lower  the  boh.  The  light 
double  lines  represent  brass  rods,  the  effect  ai 
whose  expansion  will  be  to  raise  the  bob.  Tha 
steel  rod  to  which  the  bob  is  directly  attached 
passes  easily  through  holes  in  the  two  hori 
zontal  bars  which  carry  the  brass  nprighta 
As  brass  expands  more  than  steel,  for  a  given  increase  <d 
temperature,  it  will  be  seen  that  tliese  two  expauaons  mty 
be  niude  to  neutralize  one  another. 
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Exercises. 


Ka 

Inches. 

NUXBVB. 

Tm. 

No. 
11 

Gk. 

NUXBEB. 

Time. 

1 

9 

• 

20  per  min. 

? 

99.88 

? 

2 

? 

30      " 

? 

12 

? 

2sec» 

8 

30 

t 

? 

18 

? 

2min. 

4 

16 

? 

? 

14 

2488 

T 

5 

? 

t 

^sec. 

15 

? 

8  per  sec. 

? 

6 

? 

t 

|min. 

16 

897.82 

t 

7 

89.37 

?  per  min. 

? 

17 

11.08 

? 

8 

? 

10     •• 

? 

18 

? 

10  sec 

0 

10 

?  per  sec. 

? 

19 

2488.25 

? 

10 

? 

1  per  min. 

? 

20 

? 

48ec 

21.  How  will  the  times  of  vibration  of  two  pendolams  compare 
their  lengths  being  4  feet  and  49  feet  respectively  ?    Ans,  As  2  to  7 

22.  Of  two  pendulums,  one  makes  70  vibrations  a  minute,  thi 
other  80  vibrations  during  the  same  time  ;  how  do  their  lengtbi 
compare  ?  Ans,  As  64  to  49. 

23.  If  one  pendulum  is  4  times  as  long  as  another,  what  will  b€ 
their  relative  times  of  vibration? 

24  The  length  of  a  second's  pendulum  being  89.1  inches,  what 
must  be  the  length  of  a  pendulum  to  vibrate  in  \  second  ? 

25.  How  long  must  a  pendulum  be  to  vibrate  once  in  8  seconds  I 
In  i  second  ? 

26.  How  long  must  a  pendulum  be  to  vibrate  once  in  3  J  seconds  ? 

27.  Find  the  length  of  a  pendulum  that  will  vibrate  5  times  in  4 
seconds?  Am^.  25.02  +  inches. 

28.  A  pendulum  5  feet  long  makes  400  vibrations  during  a  certain 
time ;  how  many  vibrations  will  it  make  in  the  same  time  after  the 
pendulum  rod  has  expanded  half  an  inch  ? 

Recapitulation. — In  this  section  we  have  consideied 
the  Simple  Pendulum  ;  the  Compound  Pen- 
dulum ;  the  nature  of  the  Motion  of  the  Pendu- 
lum and  its  Cause  ;  the  meaning  of  the  terms  Vi- 
bration, Time  of  Vibration,  Amplitude  ol 
Vibration;  Centre  of  Oscillation;  Real  Length 
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of  a  Pendulum ;  Lavsrs  and  Formulas  for  the  Pe* 
dulam;  the  Cycloidal  Pendulum;  the  Second's 
Pendulum ;  the  Use  of  the  Pendulum  in  OloA 
work;  Compensation  Pendulums. 


^Sect^on  v. 

ENERGY. 

IffO.  Work. — ^In  physical  science,  the  word  wcfrh 
ttgnifies  the  overcoming  of  resistance  of  any  kind. 
Whether  this  overcoming  of  resistance  is  pleasant  or  not 
does  not  enter  into  consideration  here,  all  play  being  a 
apecies  of  work.  The  word  is  here  used  in  this  technical 
sense.  When  a  force  causes  motion  through  space^  it  is 
Baid  to  do  work.  The  product  of  the  force  acting  and  the 
Bpace  through  which  the  body  is  moved  measures  the  work 
done  on  that  body.  Work  implies  a  change  of  position 
and  is  independent  of  the  time  taken  to  do  it. 

161.  Energy.  —  Energy  is  the  power  of  doing 
worh.  If  one  man  can  do  more  work  than  another,  he 
lias  more  energy.  If  a  horse  can  do  more  work,  in  a  given 
time,  than  a  man,  the  horse  has  more  energy  than  the  man. 
If  G  steam-engine  can  do  more  work  than  a  horse,  it  hae 
more  energy.  If  a  moving  cannon-ball  can  overcome  a 
greater  resistance  than  a  base-ball  it  has  more  energy. 

153.  Elements  of  Work  Measure.— Imagine  a 
flight  of  stairs,  each  step  having  a  rise  of  twelve  inches. 
On  the  floor  at  the  foot  of  the  stairs  are  two  weights^  of 
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one  and  ten  ponnds  respectively.  Lift  the  first  weight  to 
the  l^p  of  the  first  step.  How  mnch  work  have  you  per- 
formed  ?  Perhaps  you  will  answer,  one  pound  of  work 
Now  place  the  second  weight  beside  the  first.  How  much 
work  did  you  perform  in  so  doing  ?  Perhaps  you  will  say 
ten  times  as  much  as  before,  or  ten  pounds.  Now  lift 
each  of  them  another  step,  and  then  another,  until  they 
rest  on  the  top  of  the  tenth  step.  To  hfb  the  heavier 
weight  the  second,  third,  and  subsequent  times  involved 
each  as  much  work  as  to  lift  it  the  first  foot,  but  yoi^ 
would  hardly  say  that  you  had  lifted  a  hundred  pounda 
Still  it  is  sure  that  to  place  it  on  the  tenth  step  required 
just  ten  times  as  much  work  as  it  did  to  place  it  on  the  first 
step,  or  just  one  hundred  times  as  much  work  as  it  did  ta 
place  the  one  pound  weight  on  the  first  step.  Moreovei; 
it  is  evident  that  the  two  elements  of  weight  and 
height  are  necessarily  to  be  considered  in  measuring 
the  work  actually  performed. 

153.  Units  of  Work;   the  Foot-pound.— It 

is  often  necessary  to  represent  work  numerically;  hence 
the  necessity  for  a  unit  of  measurement.  The  unit  com- 
monly in  use,  for  the  present,  in  England  and  this  country 
iv  fi^n  f  )of--->ounfl.  Afoot-pound  is  the  amount  of  work 
required  to  raise  one  pound  one  foot  high  against 
the  force  of  gravity.  The  work  required  to  raise  one  kilo- 
gram one  meter  high  against  the  same  force  is  called  a 
hUograin-meter. 

(a.)  To  get  a  ntunerical  esthnate  of  work,  we  multiply  the  nninbei 
of  weight  units  raised  by  the  number  of  linear  units  in  the  vertical 
height  through  which  the  body  is  raised.  A  weight  of  ^^  pounds, 
raised  3  feet,  or  one  of  3  pounds  raised  25  feet,  represents  75  foot 
pounds,  A  wdght  of  15  Kg.  raised  10  7».,  represents  150  kilogram 
meters. 
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154.  The  Erg.— The  0.  G.  S.  (or  absolute)  unit  of 
work  is  called  the  erg.  It  is  the  work  done  in,  moving 
a  free  body  one  centimeter  against  a  force  of  one 
dyne  (§  69).  The  work  of  lifting  one  gram  one  centi- 
meter against  the  force  of  gravity  is  980  ergs.  A  foot- 
pound is  about  13,560,000  ergs. 

(a.)  The  definition  of  gt^  points  out  the  £ELCt  that  tDork  eqtiali 
farce  multiplied  by  distance, 

155.  Horse-Power. — The  rate  of  doing  work  is 
called  power.  A  horse-power  represents  the  ahility  to 
perform  550  foot-pounds  in  a  second  or  33,000  foot- 
pounds in  a  minute.   It  equals  746  x  lO**  ergs  per  second. 

{a.)  An  engine  that  can  do  66,000  foot-pounds  in  a  minute  or 
33,000  foot-pounds  in  half  a  minute  is  called  a  two  horse-power 
engine.  To  compute  the  number  of  horse-powers  represented  by  an 
engine  at  work,  multiply  the  number  of  pounds  raised  by  the  num- 
ber of  feet,  and  divide  the  product  by  550  times  the  number  of  secondfl 
or  33,000  times  the  number  of  minutes  required  to  do  the  work. 

156.  Relation  of  Velocity  to  Energy. — Any 

moving  body  can  overcome  resistance  or  perform  work; 
it  has  energy.  We  must  acquire  the  ability  to  measure  this 
energy.  In  the  first  place,  we  may  notice  that  the  direc- 
tion of  the  motion  is  unimportant.  A  body  of  given 
weight  and  velocity  can,  at  any  instant,  do  as  much  work 
when  going  in  one  direction  as  when  going  in  another. 
This  energy  may  be  expended  in  penetrating  an  earth- 
bank,  knocking  down  a  wall  or  lifting  itself  against  the 
force  of  gravity.  Whatever  be  the  work  actually  done,  it 
is  clear  that  the  manner  of  expenditure  does  not  change 
the  amount  of  energy  expended.  We  may,  therefore, 
find  to  what  vertical  height  the  given  velocity 
would  lift  the  body,  and  thus  easily  determine  Us 
energy  in  foot-pounds^  kUogramjmjeters  or  dynes. 
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157.  An  Easier  Method. — If  we  can  obtain  the 
same  result  without  the  trouble  of  finding  how  high  the 
given  velocity  could  raise  it,  it  is  generally  desirable  to  do 
so.  Our  vertical  height  is  the  whole  space  passed  over  by 
an  ascending  body  (§  132).    We  have  given  v  to  find  S* 


gt  =  V. 


S  =  igfl. 
Substituting  the  above  value  of  f,  we  have, 

*^      f     ^g 
Energy  =  w8  (the  weight  into  the  height).     Substitute 
ing  our  new  value  for  8,  we  have  the  following  important 
formula: 

Kinetic  Energy  =  -^— . 

Since  the  weight  of  a  body  results  from  its  mass  and  the 
force  of  gravity  {w  =  mg), 

Kinetic  Energy  =  |iw.v*, 

{a.)  If  w  be  given  in  pounds ;  «,  in  feet  per  second  and  g  in  feet, 
the  first  formula  will  give  the  value  of  K.  E.  in  foot-pounds. 

(&.)  If  the  gram  be  taken  as  the  unit  of  mass  and  the  centimeter 
per  second  as  the  unit  of  velocity,  the  second  formula  will  give  the 
value  of  E.  E.  in  ergs. 

168.  Two  Types  of  Energy. — There  are  two  types 
of  energy  which  may  be  designated  as  energy  of  motion 
and  energy  of  position.  With  the  first  of  these  we  are 
familiar.  A  falling  weight  or  running  stream  possessed 
energy  of  motion  ;  it  is  able  to  overcome  resistance  by 
reason  of  its  weight  and  velocity.  On  the  other  hand^ 
before  the  w&gbt  began  to  f all^  wliile,  a&  ^et,  \\>  V^  tl^ 
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motion  but  was  at  rest,  it  had  the  power  of  doing  work  bj 
reason  of  its  elevated  ^o^Y^07^  with  reference  to  the  eartk 
When  the  water  of  the  running  stream  waa  at  rest  in  tha 
lake  among  the  hills  it  had  a  power  of  doing  work,  an 
energy,  which  was  not  possessed  by  the  waters  of  tiie 
pond  in  the  valley  below.  This  energy  or  power  results 
from  its  peculiar  j^osition.  Energy  of  motion  is  called 
kinetic  energy;  energy  of  position  is  called  potenMal 
energy. 

159.  Convertibility  of  Kinetic  and  Poten- 
tial Energies, — We  may  at  any  moment  convert  kinetic 
energy  into  potential,  or  potential  energy  into  kinetia 
One  is  as  real  as  the  other,  and  when  it  exists  at  all,  exists 
at  the  expense  of  a  definite  amount  of  the  other.  Imagine 
a  ball  thrown  upward  with  a  velocity  of  64.32  feet.  As  it 
begins  to  rise  it  has  a  certain  amount  of  kinetic  energy. 
At  the  end  of  one  second  it  has  a  velocity  of  only  32.16  ft 
Consequently  its  kinetic  energy  has  diminished.  But 
it  has  risen  48.24  ft.,  and  has  already  a  considerable  poten- 
tial  energy.  All  of  this  potential  energy  results  from  the 
kinetic  energy  which  has  disappeared.  At  the  end  of 
another  second,  the  ball  has  no  velocity;  it  has  reached  the 
turning-point  and  is  at  rest.  Consequently,  it  has  no 
kinetic  energy.  But  the  energy  with  which  it  began  its 
flight  has  not  been  annihilated ;  it  has  been  stored  up  in 
the  ball  at  a  height  of  64.32  ft.  as  potential  energy.  If  at 
this  instant  the  ball  be  caught,  all  of  the  en^^rgy  may  be 
kept  in  store  as  potential  energy.  If  now  the  ball  be 
dropped,  it  begins  to  lose  its  potential  and  to  gain  kinetio 
energy.  When  it  reaches  the  ground  at  the  end  of  two 
seconds  it  has  no  potential  energy,  hut  just  as  much  of  the 
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kinetic  type  as  was  given  to  it  when  it  began  to  rise.  This 
illustrates  in  a  simple  way  the  important  principle,  the 
transformation  or  convertibUity  of  energy  vMhout 
any  change  in  its  quantity, 

160.  Energy   a  Constant   Quantity.— In  the 

case  of  the  ball  thrown  upward^  at  the  start,  at  the  finish, 
or  at  any  intermediate  point  of  either  its  ascent  or  descent, 
the  sum  of  the  two  types  of  energy  is  the  same.  It  may 
be  all  kinetic,  all  potential,  or  partly  both.  In  any  case, 
the  sum  of  the  two  continually  varying  energies  is 
constant.  Just  as  a  man  may  have  a  hundred  gold  dol« 
lars,  now  in  his  hand,  now  in  his  pocket,  now  part  in  hii 
hand  and  the  rest  in  his  pocket;  changing  a  dollar  at  9 
time  from  hand  to  pocket  or  vice  versa,  the  amount  d 
money  in  his  possession  remains  constant,  viz.,  one  hun< 
dred  dollars. 

161.  Pendulum  Illustration. — The  pendulum 
affords  a  good  and  simple  illustration  of  kinetic  and  poten- 
tial energy,  their  equivalence 

and  convertibility.  When  the 
pendulum  hangs  at  rest  in  a 
vertical  position,  as  Fa,  it  has 
no  energy  at  all.  Considered  as 
a  mass  of  matter,  separated  from 
the  earth,  it  certainly  has  po- 
tential energy;  but  considered 
asapendulum,ithasnoenergy. 
If  the  pendulum  be  drawn 
aside  to  5,  we  raise  it  through  Fig.  36. 

the  space  ah  ;  that  is,  we  do 
work,  or  spend  kinetic  energy  upon  it.     The  energy  thug 
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expended  is  now  stored  np  as  potential  energy^  ready  to  bil 
reconverted  into  energy  of  the  kinetic  type^  wheneyern 
let  it  drop.  As  it  falls  the  distance  ha^  in  parsing  from  i 
to  a,  this  reconversion  is  gradually  going  on.  When  tiia 
pendulum  reaches  a  its  energy  is  all  kinetic,  and  just  equal 
to  that  spent  in  raising  it  from  a  to  J.  This  kinetic  energy 
now  carries  it  on  to  c^  lifting  it  again  through  the  space  oL 
Its  energy  is  again  all  potential  just  as  it  was  at  &  If  le 
could  free  the  pendulum  from  the  resistances  of  the  as 
and  friction,  the  energy  originally  imparted  to  it  would 
swing  to  and  fro  between  the  extremes  of  all  potenticd  and 
all  kinetic;  but  at  every  instant,  or  at  every  point  of  the 
arc  traversed,  the  total  energy  would  be  an  unvarying 
quantity,  always  equal  to  the  energy  ori^nally  exerted  in 
iwinging  it  from  a  to  S. 

163.  Indestructibility   of  Energy^ — ^Prom  the 

b&t  paragraph  it  will  be  seen  that,  were  it  not  for  fiiction 
and  the  resistance  of  the  air,  the  pendulum  would  vibrate 
forever ;  that  the  energy  would  be  indestructible.  EneigJ 
is  withdrawn  from  the  pendulum  to  overcome  these  imped« 
iments,  but  the  energy  thus  withdrawn  is  not  destroyed. 
What  becomes  of  it  will  be  seen  when  we  come  to  study 
heat  and  other  forms  of  energy,  which  result  from  the 
motions  and  positio7is  of  the  molecules  of  matter.  The 
truth  is  that  energy  is  as  indestructible  as  matter. 
For  the  present  we  must  admit  that  a  given  amount  of 
energy  may  disappear,  and  escape  our  search,  but  it  is  onlff 
for  the  present.  We  shall  soon  learn  to  recognize  the 
fugitive  even  in  disguise.     (See  §§  746  to  751.) 

Note, — ^Physics  may  now  be  defined  as  the  science  of  matter  and 
energy. 
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EXEBOISES. 

1.  How  manj  horse-poweis  in  an  engine  that  will  raise  8,250  Ibei 
176  ft.  in  4  minutes  ? 

2.  A  ball  weighing  192.96  pounds  is  n  Jed  with  a  velocity  of  IOC 
feet  a  second.    How  much  energy  has  it?    .^72«.  30000  foot-pounds. 

8.  A  projectile  weighing  50  Kg.  is  thrown  obliquely  upward  with 
a  velocity  of  19.6  m.    How  much  kinetic  energy  has  it  ? 

4.  A  ten-pound  weight  is  thrown  directly  upward  with  a  velocity 
of  225.12  ft.  {a.)  What  will  be  its  kinetic  energy  at  the  end  of  the 
third  second  of  its  ascent?  (6.)  At  the  end  of  the  fourth  second  of 
its  descent  ? 

5.  A  body  weighing  40  Eg.  moves  at  the  rate  of  30  Em.  per  hour, 
find  its  kinetic  energy. 

6.  What  is  the  horse-power  of  an  engine  that  can  raise  1,500 
pounds  2,376  feet  in  3  minutes  ?  Ans.  36  H.  P. 

7.  A  cubic  foot  of  water  weighs  about  62|  pounds.  What  is  the 
liorse-power  of  an  engine  that  can  raise  800  cubic  feet  of  watei 
every  minute  from  a  mine  132  ft.  deep  ? 

8.  A  body  weighing  100  pounds  moves  with  a  velocity  of  20  miles 
per  hour.    Find  its  kinetic  energy. 

9.  A  weight  of  3  tons  is  lifted  50  feet,  (a.)  How  much  work  was 
done  by  the  agent?  (&.)  If  the  work  was  done  in  a  half -minute, 
what  was  the  necessary  horse-power  of  the  agent? 

10.  How  long  will  it  take  a  two  horse-power  engine  to  raise  5 
ions  100  feet? 

11.  How  far  can  a  two  horse-power  engine  raise  5  tons  in  80  sec.  \ 

12.  What  is  the  horse-power  of  an  engine  that  can  do  1,650,000 
foot-pounds  of  work  in  a  minute  ? 

18.  What  is  the  horse-power  of  an  engine  that  can  raise  2,376 
pounds  1,000  feet  in  2  minutes  ? 

14.  If  a  perfect  sphere  rest  on  a  perfect,  horizontal  plane  in  a 
vacuum,  there  will  be  no  resistance  to  a  force  tending  to  move  it. 
How  much  work  is  necessary  to  give  to  such  a  sphere,  under  such 
circumstances,  a  velocity  of  20  feet  a  second,  if  the  sphere  weighs 
201  pounds?  Arm,  1250  foot-pounds. 

15.  A  railway  car  weighs  10  tons.  From  a  state  of  rest  it  is 
moved  50  feet,  when  it  is  moving  at  the  rate  of  3  miles  an  hour 
If  the  resistances  from  friction,  etc.,  are  8  pounds  per  ton,  how 
many  foot-pounds  of  work  have  been  expended  upon  the  car? 
(First  find  the  work  done  in  overcoming  friction,  etc.,  through  50  ft. 
which  is  50  foot.-pounds  x  10  x  8.  To  this  add  the  work  done  in 
giving  the  car  kinetic  energy.) 
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Recapitulation. — ^In  this  section  we  haye  considered 
the  meaning  of  V/ork  and  Energy;  the  Ele- 
ments of  Work-L  asnre;  the  Unit  of  ^Vork,  aa 
Foot-pound  or  Kilogram-meter;  Horse- 
povs^er;  the  relation  between  Velocity  and  En- 
ergy i  ^  very  convenient  Formula  for  Energy ; 
two  Types  of  Energy,  Kinetic  a..d  Potential; 
the  mntnal  Convertibility  of  these  two  Types  of 
Energy ;  the  Sum  of  these  two  as  a  Constant  Quan- 
tity ;  the  Pendulum  as  an  Illustration  of  this  Con- 
vertibility and  Constancy;  the  Indestructibility  of 
Energy. 

Eeview  Questions  and  Exeboise& 

1.  (a.)  What  is  a  molecule?  (&.)  An  atom?  (c)  Name  the  attm 
tions  pertaining  to  each. 

2.  (a.)  Give  an  original  illustration  of  a  physical  change.  (5.)  ot 
a  chemical  change. 

8.  (a.)  What  is  the  difference  between  general  and  characteristio 
properties  of  matter?  (&.)  Give  an  illustration  of  impenetrahilltj, 
not  mentioned  in  the  book. 

4.  (a.)  Upon  what  property  do  most  of  the  characteristic  proper- 
ties of  matter  depend?  (b.)  Name  five  general  and  three  charac- 
teristic properties  of  matter,    (c.)  Define  inertia. 

5.  (a,)  How  does  a  solid  differ  from  a  liquid?  (5.)  From  a  gast 
(c.)  How  does  a  gas  differ  from  a  vapor  ?    {d)  What  is  a  fluid  ? 

6.  («.)  Define  dynamics.  (5.)  What  is  the  difference  between 
statics  and  kinetics  ?  (c.)  What  is  the  gravity  unit  of  force  ?  (d.) 
The  kinetic  unit  ? 

7.  (a.)  Give  Newton's  Laws  of  Motion,  (5.)  Explain  the  meaning 
of  "parallelogram  of  forces."  (c.)  What  is  an  equilibrant?  (d.) 
Give  the  law  of  reflected  motion. 

8.  {a.)  What  is  the  difference  between  gravity  and  gravitation) 
(6.)  Give  the  law  of  gravitation,  (c.)  Of  weight,  (d.)  What  is 
meant  by  centre  of  gravity  ? 

9.  (a.)  Describe  the  several  kinds  of  equilibrium,  (b,)  Uixni 
what  does  the  stability  of  a  body  depend  ?  (e.)  Show  how.  (d.) 
tFbat  la  the  line  of  direction  ? 
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iO.  (a.)  Why  is  it  that  a  lead  ball  and  a  wooden  bell  will  fall  100 
in  the  same  time  ?    (&.)  How  did  Qalileo  study  the  laws  of 
bodies?    (c.)  Who  was  Galileo  and  when  did  he  live?    (d.) 
le  increment  of  velocity, 
11.  (a.)  Qive  the  laws  of  freely  falling  bodies.    (&.)  Express  the 
le  truths  algebraically,    (e.)  What  forces  act  upon  a  projectile  ? 
^jd.)  Define  random. 

-        12.  {a.)  What  is  a  simple  pendulum?     (&.)  A  compound  pen* 

^  dnlum?    (c.)  What  is  the  real  length  of  a  pendulum?    {d)  How 

v-.-  ^long  must  a  pendulum  be  to  vibrate  once  a  minute  ?    {e)  Once  a 

second  ?    (/. )  What  is  the  most  important  property  of  a  pendulum  ? 

^         13.  Two  forces  of  6  and  8  pounds  respectively  act  at  right  angles 

L      to  each  other.    Find  the  direction  and  intensity  of  their  equilibrant 

14  (a.)  Lefine  energy.    (5.)  Foot  pound,    (c.)  Horse-power     (d.\ 

G5ve  the  rule  for  calculating  horse-power, 

16.  (a.)  What  is  a  kilogram-meter?  (6.)  Give  the  formula  for 
the  calculation  of  kinetic  energy  from  weight  and  velocity,  (c.) 
Deduce  the  same. 

■   16.  (a.)  State  fully  and  clearly  the  difference  between  kinetic  ani 
potential  energy.    (6.)  Illustrate  the  same  by  the  pendulum. 

17.  (a.)  What  is  the  object  of  experiments  in  the  study  of  phy« 
sics?  (&.)  What  is  the  metric  unit  of  weight?  (c.)  How  is  it  ob. 
tained? 

18.  Three  inelastic  balls  weighing  5,  7  and  8  pounds,  lie  in  th| 
same  straight  line.  The  first  strikes  the  second  with  a  velocity  ol 
M)  feet  per  second  ;  the  first  and  second  together  strike  the  third 
What  will  be  the  velocity  of  the  third?  Ans.  15  ft. 

19.  To  how  many  F.  P.  S.  units  of  force  is  the  weight  of  9  Ibt 
equal? 

30.  To  how  many  C.  G.  S.  units  of  force  is  the  weight  of  9  Kg, 
equal? 

21.  How  many  ergs  will  represent  the  kinetic  energy  of  a  ball 
weighing  50  grams  and  moving  at  the  rate  of  60  cm,  a  second  ? 

Ans,  90,000. 

22.  Determine  the  amount  of  work  performed  in  discharging  a 
30  gram  bullet  with  a  velocity  of  400  m,  per  second. 

Ans.  24  X  10*  ergs. 


-^HAPTEI^  III. 

SIMPLE    MACH  INES. 


CTION  J. 


J^S  EC 

PRINCIPLES    OF    MACHINERY.— THE    LEVER. 

163,  What  is  a  Machine  ?—-./f  machine  is  a 
contrivance  by  means  of  which  the  force  can  he 
npplied  to  the  resistance  more  advantageously.  Its 
general  office  is  to  effect  a  transformation  in  the  inten 
sities  of  energies,  so  that  an  energy  of  small  iniensity» 
acting  through  a  considerable  distance,  may  be  made  to 
reappear  as  an  energy  of  considerable  intensity,  acting 
through  a  small  distance,  or  vice  versa. 

164.  A  Machine  cannot  Create  Energy.— 

No  machine  can  create  or  increase  energy.  In  fact,  the 
use  of  a  machine  is  accompanied  by  a  waste  of  power 
which  is  needed  to  overcome  the  resistances  of  friction,  the 
air,  etc.  A  part  of  the  energy  exerted  must  therefore  be 
used  upon  the  machine  itself,  thus  diminishing  the  amount 
that  can  be  transmitted  or  utilized  for  doing  the  work  in 
hand. 

165.— A  Common  Error. — A  clear  understanding 
of  this  fact  is  yery  important.    There  is  a  very  common 
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erroneous  notion  that,  in  some  way  or  other,  a 
machine  performs  work  of  itself — ^that  it  is  a  source  of 
power.  It  were  as  reasonable  to  imagine  that  a  bank  is  Hi 
source  of  real  money.  The  bank  can  pay  out  no  more 
than  it  receives;  neither  can  a  machine.  A  man  may  go 
to  the  bank  with  a  ten-dollar  gold  piece,  and  get  for 
it  ten  one-dollar  gold  pieces.  In  like  manner,  he  may  g( 
to  a  machine  with  an  ability  of  moying  ten  pounds  one 
foot  in  a  given  time,  and  get  for  it  the  ability  of  moving 
one  pound  ten  feet  in  the  same  time.  He  may  exchange 
what  he  has  for  what  he  prefers ;  but,  in  the  case  of  the 
bank  and  of  the  machine  alike,  the  equivalent  must  be 
paid,  and  generally  a  commission  for  the  transfer. 

166.  Of  what  Use  are  Machines  ?— Some  of  the 
many  advantages  resulting  from  the  use  of  machines  are : 

(1.)  It  enables  us  to  exchange  intensity  for  a  velocity 
otherwise  unattainable,  as  in  the  case  of  the  sewing 
machine  or  spinning  wheel. 

[?.)  It  enables  us  to  exchange  velocity  for  an  intensity  of 
power  otherwise  unattainable,  as  in  the  case  of  lift- 
ing a  largo  stone  with  a  crow-bar  or  pulleys. 

(3.)  It  enables  us  to  change  the  direction  of  our  force,  as 
in  the  case  of  hoisting  a  flag  on  a  flag-staffi  It 
would  be  inconvenient  to  climb  the  pole  and  then 
draw  up  the  flag. 

(4.)  It  enables  us  to  employ  other  forces  than  our  own,  as 
the  strength  of  animals,  the  forces  of  wind,  water, 
steam,  etc. 

167.  General  Laws  of  Machines.— The  work  to 
be  done  by  a  machine  is  generally  called  the  weight  or 
load.    The  force  applied  is  called  the  power.     Th^  ^Q>xk 
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of  the  power  {e.  g.,  foot-pounds)  is  always  equal  to  fhi 
work  of  the  load,  the  work  expended  in  the  machine  itself 
being  disregarded.  The  .^oUowing  laws  are,  therefore, 
applicable  to  machines  of  every  kind : 

(1.)  WTiat  is  gained  in  intensity  of  power  is  lad 
in  time,  velocity,  or  distance;  and  what  is 
gained  m  time,  velocity,  or  distance  is  lost  in  inten- 
sity of  power. 

(2.)  The  power  multiplied  by  the  distance  through 
which  it  inoves,  equals  the  weight  multiplied 
by  the  distance  through  which  it  moves. 

(80  The  power  multiplied  by  its  velocity,  equals  the 
weight  multiplied  by  its  velocity. 

168,  What  is  a  Lever? — A  lever  is  an  inflejh 

ible  bar  capable  of  being  freely  m^oved  ahou/b  a 
fixed  point  or  line,  called  the  fulcrum. 

In  every  lever,  three  points  are  to  be  considered,  via.: 
the  fulcrum  and  the  points  of  application  for  the  powei 
and  the  weight.  Every  lever  is  said  to  have  two  arms. 
The  power-arm  is  the  perpendicular  distance  from  the  ful- 
crum to  the  line  in  which  the  power  acts ;  the  weight-arm 
is  the  perpendicular  distance  from  the  fulcrum  to  the  line 
in  which  the  weight  acts.  If  the  arms  are  not  in  the  same 
straight  line,  the  lever  is  called  a  bent  lever. 

169.  Classes  of  Levers* — There  are  three  classes 
F^ _  of  levers,  depending  upon  the 

relative  positions  of  the  power, 
weight,  and  fulcrum. 

Fig  37.  (1.)  If  the  fulcrum  is  be* 
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tween  the  power  and  weight  (P.  F.  W.)»  the  lever  is  oi 
the  first  class  (Fig,  37);  e.  g^  crowbar,  balance,  steelyard, 
scissors,  pincers. 

(2.)  If  the  weight  is  be- 
tween the  power  and  the 
fulcrum  (P.  W.  F.),  the 
lever  is  of  the  second  class 
(Fig.  38) ;  e.  g^  cork-squeezer, 
nut-cracker,  wheel-barrow. 

(3.)  If  the  power  is  be- 
tween the  weight  and  the  ful- 
crum (W.  P.  F.),  the  lever  is 
of  the  third  class  (Fig.  39); 
e.g.y  fire-tongs,  sheep-shearef, 
human  fore-arm*  F*o» » 


Ffo.38. 


170.  Static  Laws  of  the  Lever.— It  will  be 
clearly  seen  or  may  be  geometrically  shown  that  the  ratio 
between  the  arms  of  the  lever  will  be  the  same  as  the  ratio 
between  the  velocities  of  the  power  and  the  weight,  and 
the  same  as  the  ratio  between  the  distances  moved  by  the 
power  and  the  weight.  If  the  power-arm  be  twice  as  long 
as  the  weight-arm,  the  power  will  move  twice  as  fast  and 
twice  as  far  as  the  weight  does.  The  general  laws  of  ma* 
chines  may  therefore  be  adapted  to  the  lever  as  follows : 

P  X  power-arm  =W  x  weight-arm,  or  P  x  PF  =  W  xWF. 


.•.  P  :  If  : :  WF  \  PF. 

(1.)  In  the  case  of  the  lever,  the  power  and  weight  are 
inversely  proportional  to  the  corresponding  arms  of  the 
lever;  or. 
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(2.)  The  power  multiplied  by  the  power-arm  -equaLs  tha 
weight  multiplied  by  the  weight-arm ;  or, 

(3.)  A  given  power  will  support  a  weight  as  manj 

times  as  great  as  itself,  a^s  the  power-amv  is  times  at 

long  as  the  weight-arm, 

Note, — A  static  law  expresses  the  relation  between  the  power  and 
freight  when  the  macliine  is  in  equilibrium.  In  order  that  there  bi 
motion,  one  of  the  products  mentioned  in  the  law  above  must  bo 
greater  than  the  other.  The  lever  itself  must  be  in  eqailibrinin 
before  the  power  and  weight  are  applied.  It  is  to  be  noticed  thai 
when  we  speak  of  the  power  multiplied  by  the  power-arm,  we  refer 
to  the  abstract  numbers  representing  the  power  and  power-arm. 
We  cannot  multiply  pounds  by  feet,  but  we  can  multiply  the  number 
of  pounds  by  the  number  of  feet. 

171.  The  Moment  of  a  Force.— The  moment 
of  a  force  acting  about  a  given  point,  as  the  fdlcrum  of  a 
lever,  is  the  product  of  the  numbers  representing 
respectively  the  m^agnitude  of  the  force  and  ffbe 
perpendicular  distance  between  the  given  poifU 
and  the  line  of  the  force.  In  the  case  of  the 
lever  represented  in  Pig,  37,  the  weight-arm  is  8  mm. 
and  the  power-arm  is  30  mm.  Suppose  that  the  power  is 
4  grams,  and  let  the  weight  be  represented  by  x.  Then 
the  moment  of  the  force  acting  on  the  power-arm  will  be 
represented  by  (4  x  30  =)  120,  and  the  moment  of  the 
force  acting  on  the  weight-arm  by  8a^ 

173.  Moments  Applied  to  the  Lever. — ^We 

sometimes  have  sev- 
I  eral  forces    acting 

30  upon  one  or  both 
arms  of  a  lever,  in 

Fia  4a  opposite  diieotioiia 


10 


16 


\ 


ao 
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?  Under  such  circumstances,  the  leyer  will  be  in  equilibrium, 
when  the  sum  of  the  moments  of  the  forces  tending  to 
f  turn  the  lever  in  one  direction  is  equal  to  the  sum  of  the 
'  moments  of  the  forces  tending  to  turn  the  lever  in  the 
other  dii'ection.  Eepresenting  the  moments  of  the  several 
forces  acting  upon  the  lever  represented  in  the  figure  by 
their  respective  letters  and  numerical  values, 


h+c+d=za+e^f 
or,  e+d'-a  =  e+f-^b 


30+30+40  =  30+25+45. 
30  +  40—30  =  25+45—30. 


173.  Bent  Levers. — When  the  lever  is  not  a 
straight  bar,  or  when,  for  any  reason,  the  power  and 
zveight  do  not  act  parallel  to  each 
other,  it  becomes  necessary  to  distinguish 
between  the  real  and  apparent  arms  of  the 
lever.    This  wiU  be  easily  done,  if  you  are 


familiar  vriith  the  definition  of  the  arms   [S 

of  a  lever,  given  in  §  168.    In  Pig.  41,  we 

have  represented  a  very  simple  kind  of 

bent  lever,  which  is  suflBciently  explained         pio.  41." 

by  the  engraving.    In  Fig.  42,  we  have  a 

representation  of  a  curved  rod  lever,  WP',  at  the  ends  of 

whicli  two  forces, 
not  parallel,  are 
acting.  Our  def- 
inition of  the 
arms  of  the  lever, 
already  learned, 
removes  every  dif 

Acuity  arising  from  the  form  of  the  lever,  or  the  direction 

in  which  the  forces  act    The  arms  are  not  PP'  and  PW', 

but  FP  and  FW. 


Fig.  4a. 
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1?4»  Load   between   Two  Supports. — // 1 

heaTtb  rest  on  two  supports,  and  carry  a,  load  !» 
tween  them,  the  beam  may  be  considered  a  leint 
of  the  second  class.  The  part  carried  by  either  snppint 
may  be  found  by  cousidering  it  as  the  power,  and  tb 
pther  support  as  the  fulcratn.     (Fig.  43.) 


Fig  43 

175.  The  Balance. — 7%e  halajice  is  essentially 
a  lever  of  the  first  class,  having  equal  arms.  Ita 
use  is  to  determine  the  relative  weights  of  'bodie&  ,It» 
action  depends  upon  the  equality  of  moments  explwned  in 
§  171  and  §  172.  The  lever  itself  ia  called  the  beam. 
From  the  ends  of  the  beam  are  suspended  two  pans,  one 
to  carry  the  weights  used,  the  other  to  carry  the  article  to 
be  weighed.  An  index  needle,  or  pointer,  is  often  attached 
to  the  beam,  and  indicates  equilibrium,  by  pointing  to  tha 
tero  of  a  graduated  scale,  carried  by  a  fixed  support;. 

(a.)TIiatthebalitncemaf  be  accurate,  the  Bnns  must  beo(  the  Sam* 
length.  To  make  these  arms  exactl;  equal  i«  far  from  an  eaaytask. 
^lat  the  bahuice  vay  be  delicate,  U  must  turn  upon  its  axis  witli 
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fittle  friction,  the  axis  of  support  must  be  a  very  little  above  the 
centre  of  gravity,  the  arms  must  be  of  considerable  length,  and  thif 
beam  must  be 
lig^ht.  Balances  are 
made  so  delicate 
that  they  may  be 
turned  by  less  than 
a  thousandth  of  a 
grain.  The  sup- 
porting edge  of  the 
axis  is  made  very 
sharp  and  hard, 
and  rests  upon  two 
supports,  general- 
ly made  of  agate 
or  polished  steeL 
A  really  good  bal- 
ance is  an  expen- 
sive piece  of  appa- 
latus. 


Fig.  44. 


176.  False  Balances. — False  balances  (levers  of 
the  first  kind  mith  unequal  arms)  are  sometime 
used  by  dishonest  dealers.  When  buying,  they  place 
the  goods  on  the  shorter  arm ;  when  selling,  on  the  longer. 
The  cheat  may  be  exposed  by  changing  the  goods  and 
weights  to  the  opposite  sides  of  the  balance.  The  true 
weight  may  be  found  by  weighing  the  aiiicle  first  on  one 
side  and  then  on  the  other,  and  taking  the  geometrical 
mean  of  the  two  false  weights ;  that  is,  by  finding  the 
square-root  of  the  product  of  the  two  false  weights. 

177.  Double  Weighing. — In  another  way  the  true 
weight  of  a  body  may  be  found  with  a  false  balance.  The 
article  to  be  weighed  is  placed  in  one  pan,  and  a  counter- 
weight, as  of  shot  or  sand,  placed  in  the  other  pan  until 
equilibrium  is  produced.  The  article  is  then  removed, 
and  known  weights  placed  in  the  pan  until  equilibrium  ifl 
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again  produced.    The  sum  of  these  weights  will  be  the 
true  weight  of  the  given  article. 

178.  Compound  Lever.— Sometimes  it  is  not  con- 
venient to  use  a  lever  sufficiently  long  to  make  a  giver 
power  support  a  given  weight.  A  combination  of  levers 
called  a  compound  lever  may  then  be  used.  Hay-scalee 
may  be  mentioned  as  a  familiar  illustration  of  the  com- 
pound lever.    In  this  case  we  have  the  following : 

Statical  Law. — The  contin- 
ued product  of  the  power  and 
the  lengths  of  the  alternate 
arms,  beginning  vn^th  the 
power-arm,  equals  the  contin- 
ued product  of  the  weight 
and  the  lengths  of  the  alter- 
nate arms  beginning  with  the 
Fig.  45.  weight-arm^. 


Exercises. 


No. 

"T 
% 
8 

4 
6 
6 
7 
8 
0 
10 


I 


4  ft. 

8  ft. 
10  ft. 
60  in. 

? 

14  ft. 
40  cm. 
18  in. 
26  cm. 
? 


2  ft. 
Oft. 
4  ft. 

? 
18  cm. 

? 

56  cm. 
21  in. 

? 
1ft. 


o 


60  lbs. 

? 

141bB. 
2  lbs. 
27  Kg. 
45  oz. 
21  g. 

? 

11  Dg. 
50  lbs. 


? 

751bB. 

? 
80  lbs, 
9  Kg. 
63  oz. 

? 
24  oz. 
13  Dg. 
2500  lbs. 


No. 


11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


5  ft. 

? 

? 
16}  cm. 
3  ft. 
39.37  in. 

? 

? 

? 
2  ft. 


? 

9 

• 

50  cm. 

? 

6  ft. 

50  cm. 

16  ft. 

2  ft. 

2  ft. 

? 


50  lbs. 
15  oz. 
IKg. 
12  oz. 
10  lbs. 

? 

14  lbs. 
30  lbs. 
30  lbs. 
30  lbs. 


26  lbs. 

45  oz. 

4  Kg. 

2oz. 

? 
20  Kg. 
Silbs. 

? 

? 

? 


Lever. 


Length. 


10  ft. 
12  in. 

? 

? 

? 

? 
16  ft. 
10  ft. 
10  ft. 
10  ft. 


Class. 


? 

3 
3 
8 
1 
1 
? 
1 
3 
8 


N^ote  to  the  Pupil. — If  any  of  these  problems  be  obscure  to  you, 
remember  that  it  will  pay  to  draw  an  accurate  figure  or  diagram  of 
the  machine  representing  the  several  powers  and  weights  in  x>osition 
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21.  If  a  i>ower  of  60  pounds  acting  upon  any  kind  of  machine 
move  15  feet,  (a)  how  far  can  it  move  a  weight  of  250  pounds  I 
(5.)  How  great  a  load  can  it  move  75  feet  ? 

22.  If  a  power  of  100  pounds  acting  upon  a  machine,  moves  with 
a  velocity  of  10  feet  per  second,  (a)  to  how  great  a  load  can  it 
give  a  velocity  126  feet  per  second  ?  (6.)  With  what  velocity  can  it 
move  a  load  of  200  pounds  ? 

23.  A  lever  is  10  feet  long ;  F  in  the  middle ;  a  power  of  5C 
pounds  is  applied  at  one  end  ;  (a)  how  great  a  load  at  the  other  end 
can  it  support?    (&.)  How  great  a  load  can  it  lift  ? 

Ans,  to  (p.) :  Anything  less  than  50  Iha 
24  The  power-arm  of  a  lever  is  10  feet ;  the  weight-arm  is  5  feet, 
(a.)  How  long  will  the  lever  be  if  it  is  of  the  firpt  class?    (&.)  If  it 
is  of  the  second  ?    (c.)  If  it  is  of  the  third  class? 

25.  A  bar  12  feet  long  is  to  be  used  as  a  lever,  keeping  the  weight 
3  feet  from  the  fulcrum,  (a.)  What  class  or  classes  of  levers  may 
it  represent  ?  (&.)  What  weight  can  a  power  of  10  pounds  support 
in  each  case? 

26.  Length  of  lever  =  10  feet.  Four  feet  from  the  fulcrum  and  at 
the  end  of  that  arm  is  a  weight  of  40  pounds  ;  two  feet  from  thff 
fulcrum  on  the  same  side,  is  a  weight  of  1,000  pounds.  What  force 
at  the  other  end  will  counterbalance  both  weights?  Ans.  860  lb. 

27.  At  the  opposite  ends  of  a  lever  20  feet  long,  two  forces  aw 
acting  whose  sum  =  1,200  pounds.  The  lengths  of  the  lever  arms 
are  as  2  to  3 ;  what  are  the  two  forces  when  the  lever  is  in  equi* 
libriumf 

28.  Length  of  lever  =  8  feet,  F  in  the  centre.  A  force  of  1( 
pounds  acts  at  one  end,  one  foot  from  it  another  of  100  pounda 
Three  feet  from  the  other  end  is  a  force  of  100  pounds.  Direction 
of  all  forces,  downward.  Where  must  a  downward  force  of  80 
pounds  be  applied  to  balance  the  lever  ?  Ana.  8  ft.  from  F. 

29.  Length  of  lever  ah  =  6}  feet ;   fulcrum  at  c  /  a  downward 
force  of  60  pounds  acts  at  a  ;  one  of  75  pounds  at  a  point  d  between 
a  and  e,  2f  feet  from  the  fulcrum ;  required  the  amount  of  equili 
brating  force  acting  at  &,  the  distance  between  b  and  c  being  }  teet. 

30.  On  a  lever  ab,  a  downward  force  of  40  pounds  acts  at  a,  1( 
feet  from  fulcrum  e;  on  same  side  and  6^  feet  from  c,  an  upward 
force,  d,  acts,  amounting  to  56  pounds ;  distance  be  =  S  feet :  f 
downward  force  of  96  pounds  acts  at  h,  (a.)  Where  must  a  fourtlj 
force  of  28  pounds  be  applied  to  balance  the  lever,  and  {b)  whal 
iirec^n  must  it  have  ? 

81.  A  beam  18  feet  long  is  supported  at  both  ends ;  a  weigh! 
«f  1  ton  ia Buspended 8  feet  from  one  end,  and  a^e\g\it  ot  \\  ^i^wV 
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8  feet  from  the  other  end.    Give  the  pressure  on  each  point  of  sup- 
port. Arts.  2288|  lb.  at  one  end. 

32.  Length  of  lever  =  3  feet ;  where  must  the  fulcrum  be  placed 
80  that  a  weight  of  200  lbs.  at  one  end  shall  be  balanced  by  40  lbs 
at  the  other  end  ? 

33.  In  one  pan  of  a  false  balance,  a  roll  of  butter  weighs  1  lb. 

9  oz. ;  in  the  other,  2  lbs.  4  oz.    Find  the  true  weight. 

34.  A  and  B  at  opposite  ends  of  a  bar  6  ft.  long  carry  a  weight 
of  300  lbs.  suspended  between  them.  A's  strength  being  twice  as 
great  as  B's,  where  should  the  weight  be  hung  % 

35.  A  and  B  carry  a  quarter  of  beef  weighing  450  pounds  on  a 
tod  between  them.  A's  strength  is  IJ^  that  of  B's ;  the  rod  is  8 
leet  long  ;  where  should  the  beef  be  suspended  ? 

36.  Length  of  lever  =  16  feet ;  weight  at  one  end,  100  pounds : 
what  power  applied  at  other  end,  3|  feei  from  the  fulcrum,  is  re- 
guired  to  move  the  weight? 

37.  A  power  of  50  lbs.  acts  upon  the  long  arm  of  a  lever  of  the 
irst  class  ;  the  arms  of  this  lever  are  5  and  40  inches  respectively. 
The  other  end  acts  upon  the  long  arm  of  a  lever  of  the  second 
dass ;  the  arms  of  this  lever  are  6  and  33  inches  respectively,  (a) 
Figure  the  machine.  (5.)  Find  the  weight  that  may  be  thus  sup. 
|K)rted.    (c.)  What  power  will  support  a  weight  of  4,400  kilograms  T 

Recapitulation. — To  be  amplified  by  the  pupil  for 
review. 
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THE   WHEEL  AND   AXLE   AND   WHEEL-WORK. 

179.  The  Wheel  and  Axle.— The  wlieel  anl 
ule  consiata  of  a  wiieel  united  to  a  cyliniler  in 
mch  a  way  that  they  may  revolve  together  about 
a,  common  axis.    It  ia  s  modified  lerer  of  the  flrsl 

01  second  class. 

180.  Advantf^res  of  the  Wheel  and  Axle.— 

Ihe  ordinary  range  of  action  of  a  lever  of  the  first  clusE 

18  very  small.    In  order  to  raise  the 

load  higher  than  the  vertical  distance 

throngh  which  the  weight  end  of  the 

lerer  passes,  it  ia  necessary  to  support 

3ie  load  and  re-adjnst  the  fulcram. 

This  occasions  an  intermittent  action   ■ 

and  loss  of  time,  difficulties  which  arc 

obyiated  by  using  the  wheel  and  axle. 

181.  A  Modified  Lever. — Considered  as  a  levei 
of  the  first  class,  the  fulcrum  is  at 
the  common  axis,  while  the  arms  of 
the  lever  are  the  radii  of  the  whoeli 
and  of  the  axle.  If  a  c,  the  radius 
of  the  wheel,  be  used  as  the  power- 
arm,  velocity  or  time  is  exchanged 
for  intensity  of  power.  This  is  the 
usual  arrangement.   If  Jc,  the  radius 

~  Fig.  47-  of  the  axle,  bo  used  as  the  power- 
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arm,  there  will  be  an  exchange  of  intensity  of  power  foi 
velocity  or  time.  In  treating  of  the  wheel  and  axle,  unless 
otherwise  specified,  reference  is  made  to  the  former  or  usual 
arrangement. 

182.   Formulas  for  Wheel  and  Axle.— The 
law  and  formula  for  the  lever  apply  here : 


P  :  W::  WF  :  PF,       or,    P  :  W  ::  r:  E, 

the  radii  of  the  wheel  and  of  the  axle  respectively  being 
represented  by  R  and  r.  But  it  is  a  geometrical  truth 
that  in  any  two  circles,  the  ratio  of  their  radii  is  the  same 
as  the  ratio  of  their  diameters  or  circumferences.    Hence 

these  ratios  may  be  substituted  for 
the  ratio  between  the  radii  of  the 


wheel  and  axle ;  or, 


Fig.  48. 


P 
P 
P 


W 
W 

w 


r  :  R. 

c  :  a 


183.  Law  of  Wheel  and  Axle.— ^^  power 
multiplied  by  the  radius,  diameter  or  circum- 
ference of  the  wheel  equals  the  weight  multiplied 
by  the  corresponding  dimension  of  the  axle, 

Note.—li  the  radius  of  the  axle  be  made  the  power-ann,  the  foi 
mulas  will  be  as  follows : 


P  I  W  i:  WF  I  PF,       or,    P  i  W  r.  D  -.  d, 

184.  Various  Forms  of  Wheel  and  Axle.— 

The  wheel  and  axle  appears  in  various  forms.  It  is  not 
necessary  that  an  entire  wheel  be  present,  a  single  spoke 
or  radius  being  sufficient  for  the  appUcatioTi  of  the  ^wer^ 
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as  in  the  case  of  thewindlaes  (Fig,  48)  or  capstan  (Pig.  49) 

In  ill  auch  casea,  the  radius  being 

giTen,  the  diameter  or  circumference 

jf  the  wheel  may  be  easily  computed. 

In  one  of  the  most  common  forms, 

the  power  is  applied  by  means  of  a 

rope  wound  arouud  the  circumference 

of  the   wheel.      When  this  rope  is 

unwound  by  the  action  of  the  power,  another  rope  is  wonnd 

np  by  the  axle,  and  the  weight  thus  raised. 

185.  Wlieel-'work. — ^Another  method  of  securing 
a  great  difference  in  the  in- 
tensities of  balancing  forcee, 
is  to  use  a  combination  of 
wheels  and  aslcs  of  moder- 
ate size.  Sucli  a  combination 
constitutes  a  train.  The  wheel 
that   imparts    tbo  motion    is 

I  called  the  driver  ;    that  which 

receives  it,  the  follower.     An 

axle   with   teeth    npon    it  is 

called  a  pinion.    The  teeth  or 

«og8  of  a  pinion  are  called  leaves. 

186.  Iiaw  of  Wheel-work.— A  train  of  wheel- 
work  is  clearly  analogous  to  acompound  lever";  tlie  statical 
law,  i^'ven  in  §  178,  may  be  adapted  to  our  present  pur- 
poses BB  follows :  The  continued  produot  of  the  power 
and  the  radii  of  the  vh^-pU  eqiinh  the  continued 
nroduct  of  the  wei^ii  mid  the  radii  of  the  axlen. 

187.  Another     Law    of    Wlieel-work.— By 
n  of  Fig.  50,  it  will  be  seen  that  -w^iilia  Uv6  as-la 


Fiaso. 
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d  revolves  once,  the  wheel  and  pinion  c  will  revolve  as 
many  times  as  the  number  of  leaves  borne  by  c  is  con* 
tained  times  in  the  number  of  teeth  borne  by  /.  In  like 
manner,  while  the  wheel  c  revolves  once,  the  wheel  and 
pinion  b  will  revolve  as  many  times  as  the  number  of  leaves 
borne  by  b  is  contained  times  in  the  number  of  teeth 
borne  by  c.  By  combination  of  these  results,  we  see  that 
while  d  revolves  once,  b  will  have  as  many  revolutions  as 
the  product  of  the  number  of  leaves  is  contained  times  in 
the  product  of  the  number  of  teeth.  From  this  it  follows 
that  the  ratio  between  the  continued  product  of  the  cir- 
cumference (diameter  or  radius)  of  d  into  the  number  of 
leaves  on  the  several  pinions  and  the  continued  product  of 
the  corresponding  dimension  of  b  into  the  number  of  teeth 
on  the  several  wheels  will  be  the  ratio  between  the  dis- 
tances or  velocities  of  W  and  P,  and  therefore  the  ratio 
between  the  intensities  of  balancing  weights  or  forces. 

In  short,  the  continued  product  of  the  power,  the  cir- 
cumference of  a  and  the  number  of  teeth  on  c  and  / 
equals  the  continued  product  of  the  weight,  the  circum- 
ference of  d  and  the  number  of  leaves  on  the  pinions  c 
and  b. 

188.  Example. — Suppose  the  circumferences  of  a 
and  d  to  be  60  mm.  and  15  mm.  respectively  ;  that  b  has  9 
leaves ;  c  has  36  teeth  and  13  leaves ;  /  has  40  teeth. 
Then  will 

P  X  60  X  36  X  40  =  W  X  15  X  13  X  9. 

189.  Ways   of  Connecting  Wheels.— Wheels 

may  be  connected  in  three  ways : 

(1.)  By  the  friction  of  their  circumference& 
(2.)  By  bands  or  belts. 


waxxL-wosx. 


101 


(3.)  By  teeth  or  cogs. 

The  third  of  these  methods  has  been  already  considered. 

190.  Uses  of  the  First  Two  Ways .— Tlie  first 
method  is  used  where  no  great  resistance  is  to  be  overcome, 
but  where  evenness  of  motion  and  freedom  from  noise  are 
chiefly  desired.  It;  is  illustrated  in  some  sewing-machines. 
'The  second  method  is  used  when  the  follower  is  to  be  at 
some  distance  &om  the  driver.  The  frictiou  of  tlie  belt 
upon  the  wheels  must  be  greater  than  the  resistance  to  be 
overcome.  It  is  illustrated  in  most  sewing-machines,  and 
in  the  spinning-wheeL 

191.  Relation  of  Power  to  Weight  De- 
termined.— The  follower  will  revolve  as  many  times 
as  fast  as  the  driver,  as  its  circumference  is  contained 
times  in  that  of  the  driver.  The  problem  of  finding  the 
distances  passed  over  in  a  given  time  by  the  power  and 
weight,  and  thence  the  relative  intensities  of  tlie  powet 
and  the  weight,  thus  becomes  an  easy  one. 

EXBKCISES. — The  Wheel  and  Axle. 
Remark. — The  circnrnference  of  a.  circle  is  3 1410  times  aa  grnal 
B8  its  diameter. 
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12.  The  pilot-wheel  of  a  boat  is  3  feet  in  diameter ;  the  uxie,  6 
inches.  The  resistance  of  the  rudder  is  180  pounds.  What  power 
applied  to  the  wheel  will  move  the  rudder  ? 

13.  Four  m«n  are  hoisting  an  anchor  of  1  ton  weight ;  the  barrel 
of  the  capstau  is  8  inches  in  diameter.  The  circle  described  by  the 
handspikes  is  t)  feet  8  inches  in  diameter.  How  great  a  pressure 
must  each  of  the  men  exert  ? 

14.  With  &  capstan,  four  men  are  raising  a  1000  pound  anchos 
The  barrel  of  the  capstan  is  a  foot  in  diameter ;  the  handspikes 
used  are  5  fe«t  long ;  friction  equals  10  per  cent  of  the  weight 
How  much  force  must  each  man  exert  to  raise  the  anchor  ? 

15.  The  ciicumference  of  a  wheel  is  8  ft.;  that  of  its  axle,  16 
inches.  The  weight,  including  friction,  is  85  pounds  ;  how  great  a 
power  will  b«  required  to  raise  it  ? 

16.  A  power  of  70  pounds,  on  a  wheel  whose  diameter  is  10  feet, 
balances  300  pounds  on  the  axle.     Give  the  diameter  of  the  axle. 

17.  An  axle  10  inches  in  diameter,  fitted  with  a  winch  18  inches 
long,  is  used  to  draw  water  from  a  well,  {a)  How  great  a  power  will 
it  require  to  raise  a  cubic  foot  of  water  which  weighs  62 J  lbs.  ?  (6.) 
How  much  to  raise  20  litres  of  water  ? 

18.  A  capstan  whose  barrel  has  a  diameter  of  14  inches  is  worked 
tfy  two  handspikes,  each  7  feet  long.  At  the  end  of  each  handspike 
a  man  pushes  with  a  force  of  30  pounds  ;  2  feet  from  the  end  of 
each  handspike,  a  man  pushes  with  a  force  of  40  pounds  ;  required 
the  effect  produced  by  the  four  men. 

19.  How  long  will  it  take  a  horse  working  at  the  end  of  a  bar  7 
feet  long,  the  other  end  being  in  a  capstan  which  has  a  barrel  of  14 
inches  in  diameter,  to  pull  a  house  through  5  miles  of  streets,  if  the 
horse  walk  at  the  rate  of  2|  miles  an  hour  ? 

Recapitulation. — To  be  amplified  by  the  pupil  for 
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j^Section  hi. 

THE    PULLEY  AND   THE    INCLINED    PLANE. 

193.  What  is  a  PuUey?— .4  pulley  consists  of 
a  wheel  turning  upon  an  axis  and  having  a  eoraf 
passing  over  its  grooved  circumference.  The  fmme 
sopporting  the  axis  of  the  wheel  is  called  the  block. 

193.    A   Fixed    Pulley.— The  advant^os 


from  the  use  of  a  pulley  depend  upon  the 
of  the  cord.  If  a  cord  be  passed  over  a 
pulley  fixed  to  the  ceiling,  a  weight  being 
at  one  end  and  the  hand  applied  at  the 
other,  the  tension  of  the  cord  will  he  uni- 
torm,  and  the  hand  will  have  to  exert  a 
force  equal  to  the  weight  of  the  load.  If 
the  weight  be  moved,  the  hand  and  weight 
vill  move  equal  distances.  It  is  evident, 
lien,  that  the  fixed  puUey  affords  no 
increase  of  power,  but  ordy  change 
of  direction. 

194.  A  Movable  Pulley.— If  one 

end  of  the  cord  be  fastened  to  the  ceil- 
ing, the  load  augpended  from  the  pulley, 
and  the  other  end  of  the  cord  drawn  up 
by  the  hand,  it  will  be  evident,  from  the 
equal  tension  of  the  cord,  that  the  fixed 
support  carries  half  the  load  and  the  hand 
the  other  half.  It  is  also  evident  that  to 
raise  the  weight  one  foot  the  hand  must 
pull  ap  two  feet  of  the  cord ;   that  is  to 


;  ansing 
tension 
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■Bj,  eaeh  section  of  the  cord  carrying  the  veigbt  maet  be  I 
shortened  one  foot.  Thus  the  band,  b;  liftiDg  50  ponndi  I 
two  feet,  IB  able  to  rase  100  poands  one  foot.  It  ie  to  be  1 
noticed  that  we  have  here  no  creation  or  increase  of  I 
^  energy,  working  power,  hnt  that  we  do  j 


secure  tin  important  traneformation  of 
velocity  into  intensity. 

195.  A  Combination  of  Pul- 
leys.— By  the  ose  of  aeyeral  fixed  and 
movable  pulleys  in  blocks,  the  number 
of  parts  of  the  cord  supporting  the  moY- 
able  block  may  be  increased  at  pleaeure. 
In  all  such  cases,  the  tension  of  the  cor' 
will  be  uniform,  and  the  part  of  the  cord 
to  which  the  power  is  apphed,  will  carry 
only  a  part  of  the  had.  The  value 
of  this  part  of  the  load  depends  upon 
tiie  nuniber  of  sections  into  which  the 
movable  pulley  divides  the  cord. 

196.  Law   of   tlie   Pulley.— 

With  a    pulley  having  a   contin- 
lus  cord,  a  given   power  imJl  swpporb  a 

Bight  as  many  times  as  great  as  itself  aa 
there  are  parts  of  the  cord  supporting  the 
movable  block. 

197.  Concerning-  the  Number  ot 
Part8  of  the  Cord.— By  observing  the  sev- 
eral figures  of  pulleys  in  this  section,  it  will  be 
seen  that  when  tlie  fixed  end  of  the  eord  is  at^ 
tached  to  the  fixed  block,  the  number  of  parts  ol 
the  cord  supporting  the  weight  ie  twice  the  num- 
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ber  of  moYable  pulleys  used ;  that  when  the  fixed  end  of 
the  cord  is  attached  to  tL3  movable  block  the  number  ol 
parts  of  the  cord  is  one  more  than  twice  the  number  o/ 
movable  pulleys  used. 

198.  What  is  an  Inclined  Plane?— ^^e  in^ 

tiined  plane  is  a  smooth,  hard,  inflexible  surface 
inclined  so  as  to  make  an  oblique  angle  with  the 
direction  of  the  force  to  he  overcome.  In  most  cases  it 
is  a  plane  surface  inclined  to  the  horizon  at  an  acute  angle, 
and  is  used  to  aid  in  the  performance  of  work  against  the 
force  of  gravity. 

199.  Resolution  of  the  Force  of  Gravity.— 

When  a  weight  is  placed  upon  an  inclined  plane,  the  force 
of  gravity  tends  to  draw  it  vertically  downward.  Thia 
force  may  be  resolved  into  two  forces  (§  91),  one  acting  per- 
pendicularly to  the  plane,  producing  pressure  completely 
resisted  by  the  plane,  the  other  component  acting  opposite 
to  the  direction  of  the  power  which  it  is  to  counterbalance. 
The  first  component  shows  how  much  pressure  is  exerted 
upon  the  plane;  the  other  shows  what  force  must  be 
exerted  to  maintain  equilibrium.  The  value  of  the  second 
component  will,  plainly,  vary  with  the  direction  of  the 
power. 

200.  Three   Oases. — In  the  use  of  an  Inclmed  plane,  three 
CAses  may  arise : 

(1.)  Where  the  power  acts  in  a  direction  parallel  to  the  length  of 
the  plane. 

(2.)  Where  the  power  acts  in  a  direction  parallel  to  the  base  of  the 
piaoe  (goierallj  horizontal). 

(3.)  Where  the  power  acts  in  a  direction  parallel  to  neither  the 
length  nor  the  hase  of  the  plane. 

201.  The  First  Case.— In  thf  lel 
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Fig.  55. 


Z^Jf  represent  a  plane  inclined  to  the  horizontal  line  LK.    Let  A 

represent  a  ball  weighing  20  Kg,  The 
^  problem  is  tc  find  what  force  acting  in  the 
direction  LM  will  hold  it  in  equilibriam. 
The  weight  of  the  body  ^  is  a  downward 
force  of  20  Kg.y  which  may  be  graphicallj 
represented  (§  81)  by  the  vertical  Une  -4(7, 
20  mm.  in  length.  Any  other  convenient 
unit  of  length  might  be  used,  but  the 
scale  of  1  mm.  to  the  Kg,  being  adopted, 
It  must  be  maintained  throughout  the 
problem.  The  force  represented  by  AC 
is  resolved  into  two  components  repre- 
•ented  by  ADy  perpendicular  to  LM,  and  by  AB,  parallel  to  it.  The 
former  component  measures  the  pressure  to  be  resisted  by  the  plane ; 
the  latter  component  measures  the  force  with  which  the  ball  is 
drawn  towards  L.  This  second  component  is  to  be  balanced  by  the 
equal  and  opposite  force  AB^,  the  equilibrant  of  AB.  It  may  be 
proved  geometrically  that 

AB  :  AC  ; :  MN  :  ML.    {piney'%  Geometry,  Art.  341.) 
Careful  construction  and  measurement  will  give  the  same  result. 
But  AB,  or  rather  its  equal  AB\  represents  the  power  ;  AG  repre- 
sents the  weight ;  MN  represents  the  height ;  and  ML,  the  length 
of  the  plane.    Therefore, 

P  :  W  ::  h\l,      or,      P  =  the  |  part  of  W. 

203.  Law  for  the  First  Case.— In  the  figure 
above,  ML  is  twice  the  length  of  MN,  and  AC  is  twice  the 

length  of  AB  or  AB'.  This  indi- 
cates that  a  force  of  10  Kg.  acting  in 
the  direction  LM  would  hold  the 


ball  in  equilibrium.    This  result  may 
be    easily   verified    by    experiment. 
We  may  therefore  establish  the  fol- 
lowing law :   When  a  given  power 
acts  parallel  to  the  plane,  it  iviZl 
support  a  weight  as  many  times  as  great  as  itself  as 
the  length  of  the  plane  is  times  as  great  as  its  verti- 
cal height. 


Fig.  56. 
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203.  Law  for  the  Second  Case.— By  resolving 
the  force  of  gravity,  or  by  experi- 
ment, the  following  law  may  be 
established :   Wlien  a  given  power 
acts  parallel  to  the  ba^se,  it  uiU 
support    a     weight     as    many 
times  as  great  as  itself  as  the 
horizontaZ  hose  of  the  plane  is 
times  as  great  as  its   vertical 
height* 

204,  The  Third  Case.— For  the  third  case,  the  power 
•cting  in  a  direction  parallel  to  neither  the  length  nor  the  base  of 
file  plane,  no  law  can  be  given.  The  ratio  of  the  power  to  the 
weight  may  be  determined  by  resolving  the  force  of  gravity,  as 
above  explained,  the  construction  and  measurement  being  carefully 
done. 

EXEBCISES. 

Bemark. — ^The  first  problem  may  be  read  : 

{a.)  In  a  system  of  pulleys,  the  weight  being  supported  by  two 
jBctions  of  the  cord,  a  power  of  25  lbs.  will  support  what  weight  ? 

(&.)  In  an  inclined  plane,  the  power  acting  in  the  direction  of  tlM 
length,  the  height  being  3  ft.,  what  must  be  the  length  that  a  power 
of  25  lbs.  may  support  the  same  weight  as  determined  in  {a.)  ? 


POWSB. 

Weight. 

PUTXET. 

IiicLiNED  Plane. 

No. 

Cords. 

Height. 

Length. 

Base. 

Case 

1 

2 
S 

4 
5 
6 
7 
8 
0 
10 

25  lbs. 
13  Kg. 

12  OK. 

250  g. 
? 
j      15  cwt. 
20  g. 
500  Kg. 
? 
75  lbs. 

? 
78  Kg. 

? 
2Kg. 
350  lbs. 
ST.. 
IHg. 
? 
540  lbs. 
100  lbs 

2 
? 
8 
? 

7 
? 
? 
8 
9 

•          .  •  •  •  • 

3  ft. 
? 

? 
1  dm. 
? 

4  rds. 
? 

? 
39.37  in. 
3  yds. 

t 
12  m. 
. 

t 

.24  m 
?m. 

!    t 

•  ••••• 

2  ft. 
49  ft. 
10  m. 

1 
1 
2 
1 
2 
1 
2 
1 
1 
2 
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11.  "^^tli  a  fixed  pulley*  what  power  will  support  a  weight  of  9! 
^ands? 

12.  With  a  moYable  pulley,  what  power  will  5>npport  a  weight  of 
50  pounds  ? 

13.  What  is  the  greatest  effect  of  a  system  of  3  movable  and  4 
Axed  pulleys,  the  power  applied  bdng  75  pounds  ? 

14  With  a  system  of  5  movable  pulleys,  one  end  of  the  rope 
being  attached  to  the  fixed  block,  what  power  will  raise  a  ton  ? 

15.  If  in  the  system  mentioned  in  the  problem  above,  the  rope  be 
attached  to  the  movable  block,  what  power  will  raise  a  ton? 

16.  With  a  pulley  of  6  sheaves  in  each  block,  what  la  the  leasl 
power  that  will  support  a  weight  of  1,800  pounds,  allowing  \  tat 
friction  ?    What  will  be  the  relative  velocities  of  P  and  W  ? 

17.  Figure  a  set  of  pulleys  by  which  a  power  of  50  pounds  will 
support  a  weight  of  250  pounds. 

18.  The  height  of  an  inclined  plane  is  one-fifth  its  horizontal 
base.  A  globe  weighing  250  Kg.  is  supported  in  place  by  a  foros 
acting  at  an  angle  of  45°  with  the  base.  The  pressure  of  the  globe 
upon  the  plane  is  less  than  250  Kg.  By  construction  and  measare- 
ment,  determine  the  intensity  of  the  supporting  force. 

19.  With  the  conditions  as  given  in  the  last  problem,  except  thai 
the  pressure  of  the  globe  upon  the  plane  is  more  than  250  JQ^.,  dcr 
termine  the  intensity  of  the  supporting  forca 

20.  The  base  of  an  inclined  plane  is  10  feet ;  the  height  la  8  feet 
What  force,  acting  parallel  to  the  base,  will  balance  a  weight  ol 
2  tons? 

21.  An  incline  has  its  base  10  feet ;  its  height,  4  feet :  how  heavy  s 
Liell  will  50  pounds  power  roU  up  f 

22.  How  great  a  power  will  be  required  to  support  a  ball  weighing 
1^)  pounds  on  an  inclined  plane  whose  length  is  8  times  Its  hdght  T 

23.  A  weight  of  800  pounds  rests  upon  an  inclined  plane  8  feet 
high,  being  held  in  equilibrium  by  a  force  of  25  pounds  acting 

§  parallel  to  the  base.    Find  the  length  of  the  plana 
'    24,  A  load  of  2  tons  is  to  be  lifted  along  an  inclina    The  powe/ 
•Js  75  pounds :  give  the  ratio  of  the  incline  which  may  be  used* 

25.  A  1500  pound  safe  is  to  be  raised  5  feet.  The  greatest  powet 
I  hat  can  be  applied  is  250  pounds.  Give  the  dimensions  of  the 
shortest  inclined  plane  that  can  be  used  for  that  purposa 

Recapitulation. — To  be  amplified  by  the  pupil  foi 
review. 
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Section  iv. 


THE  WEDGE,  SCREW,  COMPOUND  MACHINES,  AND 
FRICTION. 
305.  What  la  a  Wedge  ?-^  tvedgg  U  a  mot* 
aila    inclined    plana    in 
u^Uch   tho  power  gener- 
aJljf  aet»  parallel  to  ths 


206.   Its   Use.  — r 
wedge  is  used  for  moving 
great  weighis  shcrt  dis- 
tances.    The  law  ia  the  Vio.i%. 
Bame  as  for  the  oonesponding  iBolined  plane.    A  common 
method  of  moTing  bodies  is  to  place  two  similar  wedgca, 
with    their    thin     eads     overlapping,    nnder    the    load. 
j,^^^                Simnltaneoua  blows  of  eqnal  force  are 
lit            gtrnck  upon  the  heads  of  the  wedgea 
r-ll — i — I           In  this  case,  the  same  force  mnst  ba 
■»    >l^      -p-l          need  upon  each  wedge  as  if  only  one 
Puk  n            werevsedihatthepowerbeingdoabled 
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■nd  the  weight  remaiiimg  the  Bamc,  the  distaooe  moTed  ii 
twice  as  great  as  when  only  one  wedge  is  used. 

207.  A  More  Common  Use.— ^  more  oom- 
mon  kind  of  vedga  is  that  of  two  in^- 
dined  planes  united  at  their  bases.    Such 

dges  are  oseA  ia  Bplittiag  timber,  etone,  etc. 
I  Tbe  power  ia  given  in  repeated  blows  instead 
oroontinued  pressure.    For  a  wedge  thus  used, 
J  definite  law  of  any  practical  value  can  be 
given,  farther  than  that,  with  a  given  thick* 
Fic  bo.     ^^ea,  the  longer  the  wedge  the  greater  the  gain 
in  intensi^  of  power. 

208.  What  is  a  Screw?— .i  Screw  U  a  cylin. 
ier,  generaUy  of  wood 
v  nietal,  with  a  spired 
groove  or  ridge  winding 
Mbout  its  dreumference. 
rhe  spiral  ridge  is  called 
die  thread  of   the  eci 
rhe  thread  works  in  a  nnt, 
vitbin   which  there  i 
OOrtBSponding  spiral  groove  ~ 
to  receive  the  thread  i^ig.  6i. 

{».)  The  power  !■  used  to  torn  the  ecrew  within  a  fixed  nnt,  or  to 
tnni  the  nut  about  a  fiied  screw.  In  either  caae,  a  lever  or  wheel 
Is  generallj  used  to  aid  the  power.  Every  tarn  of  the  screw  or  nut 
llther  puahts  forward  the  screw  or  draws  back  the  nnt  by  exactly 
file  distance  between  two  tnms  of  tha  thread,  this  distance  being 
tteaBured  In  the  direction  of  the  axis  ct  the  acrew.  The  weight  or 
leabtance  at  W  Is  moved  this  distance,  while  the  power  at  P  moves 
over  the  circumference  of  a  circ"  j  whost  radius  is  PF,  The  differ- 
ance  between  these  distances  la  generall  •  very  great.  Hence  this 
machine  affords  ttreat  intensity  of  power  rith  a  :wm>eponding  loM 
<a  velocity. 
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209.  Liaw  of  the  Screw.— Tho  second  general 
law  of  machines  (§  167,  [2])  may  be  adapted  to  our  present 
purpose  as  follows:  With  the  screw,  a  given  power  will 
support  a  weight  as  maiiij  times  as  great  as  itself  as 
the  circumfere?ice  described  hij  the  power  is  fii)ies  as 
ireat  as  the  distance  between  two  adjoining  turns 
of  the  thread. 

210.  The  Endless  Screw.-^/^  endless  screw 
is  one  whose  thread  acts  on  the  teeth  of  a  wheel. 
The  screw  has  a  rotary  but  no 
fengthwise  motion.  As  the  han* 
die  is  turned,  the  thread  catches 
the  teeth  and  turns  the  wheel 
The  wheel  moves  one  tooth  for 
every  turn  of  the  handle.  Suc- 
cessive teeth  are  caught  as  others 
pass  out  of  reach.  A  continuous 
motion  is  thus  produced ;  hence 
the  name  **  endless  screw.^  The 
figure  will  aid  in  the  application  of  the  second  general  law 
of  machines  to  determine  the  ratio  between  the  weight  and 
the  power. 

311.  Compound  Machines.— We  have  now  con- 
sidered each  of  the  six  traditional  simple  machines.  One 
of  these  may  be  made  to  act  upon  another  of  the  same 
kind,  as  in  the  case  of  the  compound  lever  or  wheel-work ; 
or  upon  another  of  a  different  kind,  as  in  the  case  of  the 
endless  screw.  When  any  two  or  more  of  these  machines 
are  combined,  the  effective  force  may  be  found  by  comput- 
ing the  effect  of  each  separately  and  then  compounding 
them  ;  or  by  finding  the  weight  that  the  given  power  will 
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Bnpporty  using  the  first  machine  alone^  considering  thi 
result  as  a  new  power  acting  upon  the  second  machin^^ 
and  so  on. 

312.  What  Is  Friction?— The  chief  impedhnenl 
to  the  motion  of  machinery  arises  from  friction,  which  may 

fbe  defined  as  the  resistance  which  a  moving   body 
meets  with  frowf  the  surface  on  which  it  moves. 

313.  The  Cause  of  Friction.— It  is  impossible^ 
by  any  known  means,  to  produce  a  perfectly  smooth  sur- 
face. Even  a  polished  surface  contains  minute  projec* 
tions  which  fit  into  corresponding  depressions  on  the  cor* 
responding  surface.  To  produce  motion  of  one  surface  on 
the  other,  these  projections  must  be  lifted  out,  bent  down, 
or  broken  off. 

314.  Eight  Facts  Concerning:  Friction.— 

The  following  facts  have  been  determined  by  experiment 
and  may  be  easily  illustrated  in  the  same  way: 

(1.)  Friction  is  greatest  at  the  beginning  of  motion^ 
After  surfaces  have  been  in  contact  for  some  time^ 
so  that  the  projections  of  one  have  had  opportunity 
to  sink  deeper  into  the  depressions  of  the  other,  the 
resistance  offered  by  friction  is  considerably  in- 
creased. Every  teamster  and  street-car  driver  is 
familiar  with  the  fact 

(2.)  Friction  increases  with  the  roughness  of  the 
surfaces. 

(3.)  Friction  is  greater  between  soft  bodies  than 
hard  ones. 

(4.)  Friction  is  nearly  proportional  to  pressure. 

{a.)  Place  a  brick  upon  a  horizontal  board.  Around  it  fasten  one 
end  of  a  cord  and  pass  the  other  end  over  a  pulley  so  that  it  may 
hang  vertically.    Add  just  weights  enough  to  keep  the  brli^  io 
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notkaftftarliisgtarted.  The  weights  meaanie  the  Mctfon.  Placf 
Ateoond  similar  brick  upon  the  first;  the  moylng  force  must  be 
doubled.  Place  another  similar  bride  upon  the  other  two ;  the 
original  moving  force  must  be  tripled. 

(6.)  FHcUov,  is  not  affected  by  extent  of  surface 
except  within  extreme  limits.  In  the  case  of 
the  brick  above  mentioiied»  the  moving  force  wil] 
be  the  same  whether  the  briok  lie  on  its  broad  face 
or  on  its  dda 

(flb)  FHcUon  ia  ^eaier  between  surfaces  of  the 
same  material  than  between  tJwse  of  differ^ 
ent  hinds. 

(4k)  fiodSes  of  the  same  material  have  the  same  molecular  struc. 
tare  (§  10,  a).  Hence  their  little  projections  and  cavities  mutually 
fit  each  other  as  would  the  teeth  of  similar  saws.  A  very  little  re 
flection  will  show  tliat  the  element  of  similarity  in  molecular  struo 
ture  (just  as  with  the  saws)  is  very  important  in  determining  the 
amount  of  friction.  For  this  reason,  the  axles  of  railway  cars  being 
made  of  steel,  the  ••  boxes"  in  which  they  revolve  are  made  of  bras« 
or  other  different  metaL  Hence  the  advantages  of  a  watch  "  full 
jewelled,"  and  hence  the  swiftness  of  the  skillful  skatei. 

(1.)  RoUing  friction  is  less  than  sliding  friction. 

(8.)  Friction  is  dim^inished  hy  polishing  or  lubri* 
caMng  the  surfaces.  An  unequalled  example  of 
friction  reduced  to  its  minimum  is  in  the  case  of 
the  joints  of  animals. 

ExEBOiSBS. — The  Screw. 


No. 

P. 

W. 

O. 

<f. 

No. 

P. 

w. 

C. 

A 

15IbB. 

T 

10  in. 

iin. 

♦ 

2500  Eg.  1  2.5  m. 

1  cm. 

BKg. 

? 

Sin. 

1cm. 

9 

4oz. 

6  lbs.   t 

Tin. 

lib. 

» 

75  in. 

iin. 

10 

tlbfl. 

7874  lbs.  1  m. 

Iin. 

f 

480  TbB. 

15  in. 

iin. 

11 

3  Kg. 

800  Kg.  20  cm.  ' 

f 

90  lbs. 

800  IbB. 

» 

iin. 

n 

3oz. 

864  oz. 

?    1 

Iin. 

26  lbs. 

? 

8  ft. 

lln. 

13 

100  lbs. 

f 

10  ft. 

fin. 

91b8. 

198  lbs. 

4ft. 

f 

14 

100  IbB. 

f 

10  ft.  ! 

Iin. 
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15.  A  book-binder  has  a  press;  the  threads  of  its  screw  are  |  in.  apart 

the  nut  is  worked  by  a  lever  which  describes  a  circumference  ol 
8  ft.  How  great  a  pressure  will  a  power  of  15  lbs.  applied  at  the  end 
of  the  lever  produce,  the  loss  by  friction  being  equivalent  to  240  lbs.! 

16.  A  screw  has  11  threads  for  every  inch  in  length.  If  the 
lever  is  8  inches  long,  the  power,  50  pounds,  and  friction  is  J  of  the 
energy  used,  what  resistance  may  be  overcome  by  it  ? 

17.  A  screw  with  threads  1]  in.  apart  is  driven  by  a  lever  4|  ft 
long ;  what  is  the  ratio  of  the  power  to  the  weight  ?  (See  Appendix  A.) 

18.  How  great  a  pressure  will  be  exerted  by  a  power  of  15  lbs,* 
applied  to  a  screw  whose  head  is  one  inch  in  circumference  and 
whose  threads  are  J  inch  apart  ? 

19.  At  the  top  of  an  inclined  plane  which  rises  1  ft.  in  20  is  a  wheel 
and  axle.  Radius  of  wheel = 2  J  ft. ;  radins  of  axle = 4^  in.  What  load 
may  bo  lifted  by  a  boy  who  turns  the  wheel  with  a  forc«  of  25  lbs.  \ 

20.  The  crank  of  an  endless  screw  whose  threads  are  an  inch 
apart  describes  a  circuit  of  72  inches.  The  screw  acts  on  the 
toothed  edge  of  a  wheel  60  inches  in  circumference.  On  the  axle 
of  this  wheel,  which  is  10  inches  in  circumference,  is  wound  a  cord 
which  acts  upon  a  set  of  pulleys,  3  in  each  block.  The  effect  of  the 
pulleys  is  exerted  upon  the  wheel  of  a  wheel  and  axle.  The  diam- 
eters of  the  wheel  and  of  the  axle  ai'o  4  ft.  and  6  inches  respec- 
tively. What  weight  on  the  wheel  and  axle  may  be  lifted  by  a 
force  of  25  lbs.  at  the  crank,  allowing  for  a  loss  of  \  by  friction  ? 

21.  An  endless  screw  which  is  turned  by  a  wheel  10  ft.  in  circum- 
ference acts  upon  a  wheel  having  81  teeth  ;  this  wheel  has  an  axle 
18  inches  in  circumference  ;  the  power  is  75  lbs.  Find  the  value  of 
the  weight  that  may  be  suspended  fiom  the  axle. 

22.  In  moving  a  building  the  horse  is  attached  to  a  lever  7  feet 
long,  acting  on  a  capstan  barrel  11  inches  in  diameter ;  on  the  barrel 
winds  a  rope  belonging  to  a  system  of  2  fixed  and  8  movable  pul- 
leys. What  force  will  be  exerted  by  500  pounds  power,  allowing 
\  for  loss  by  friction  ? 

Recapitvilation. — To  be  amplified  by  the  pupil  fo?/ 
review. 
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Betiew  Qitestioks  axd  Exercises. 

1.  (d)  What  is  a  macliine?  (6.)  What  is  a  machine  good  f<.'  1 
€.)  State  the  general  laws  of  machines  and  {d)  illustrate  by  thti 
pulley 

2.  {a.)  What  are  the  arm«  of  a  lever?  (6.)  What  is  mount  by  the 
moment  of  a  force  ?  (c.)  Illustrate  the  equality  of  inoiiuuits  in  ma 
3liiiie8  by  the  wheel  and  axle. 

3.  (a.)  What  are  the  respective  advantages  to  be  gained  by  the 
8e?eral  classes  of  levers  ?  (p.)  Explain  the  advantage  gained  by  a 
daw  hammer  in  drawing  a  nail,  (c.)  What  is  meant  by  double 
weighing  ? 

4.  With  a  lever  of  ^ven  length,  in  which  class  will  a  given 
power  yield  the  greatest  intensity  of  effect  ? 

5.  (a.)  To  what  kind  of  a  lever  is  ordinary  clock-work  analogous? 
(J.)  Show  why. 

6.  (a.)  Does  it  require  more  work  to  lift  a  barrel  of  flour  into  a 
iragon  four  feet  high  than  to  place  it  there  by  rolling  it  up  a  j)lank 
12  feet  long  ?    (6.)  Show  why. 

7.  (a.)  Give  the  static  law  for  the  inclined  ])lano  when  the  ])()\v('r 
lets  parallel  to  the  plane.  (6.)  When  it  acts  parallel  to  the  horizon. 
'p.)  Figure  a  system  of  pulleys  by  means  of  which  a  weight  of  5 
^unds  will  support  a  weight  of  25  pounds. 

8.  (a.)  Figure  a  system  of  4  movable  pulleys  by  means  of  whi(;h 
SI  weight  of  3  lbs.  will  support  a  weight  of  27  lbs.  {h.)  Deduce 
the  formula  for  the  screw  from  one  of  the  general  laws  of  machines. 

9.  (a.)  In  raising  a  boy  from  a  deep  well  by  means  of  a  common 
lope  and  pulley,  what  disadvantages  arise  from  friction  ?  (h.)  What 
immense  advantage  7 

10.  (a.)  Explain  the  cause  of  friction,  (b.)  Why  is  friction  between 
Iron  and  iron  greater  than  that  between  iron  and  brass? 

11.  (a,)  How  may  the  centre  of  gravity  of  a  ring  be  determined  ? 
(b,)  What  is  the  value  in  inches  of  the  metric  unit  of  length  ? 

12.  A  body  moving  with  an  energy  of  20  foot-pounds,  strikes  the 
end  of  the  arm  of  a  lever  of  the  first  class,  four  feet  from  the 
fulcrum,  (a.)  How  many  foot-pounds  will  be  exerted  by  the  otiier 
end  of  the  lever,  8  feet  from  the  fulcrum  ?  (?>.)  How  far  would  *t 
raise  a  weight  of  4  pounds  ? 

13.  Deduce  the  static  law  for  the  inclined  plane,  first  case,  hy 
resolution  of  the  force  of  gravity. 

14.  (a.)  What  force  is  necessary  to  overturn  a  body  ?  (&.)  What 
difference  between  the  forces  producing  uniform  and  accelerated 
velocities  ?    (c)  Show  that  the  screw  is  a  modified  inclined  plane. 


-^HAPTEI^  lY. 


LIQUIDS. 


j^Section  I. 

HYDROSTATICS. 

215.  Incompressibility  of  Liquids. — ^Liquids 

%re  nearly  incompressible.     A  pressure  of  15  pounds  to 
the  square  inch   compresses  distilled  water  only  ^o^^^i 

part  of  its  volume ;  it  compresses 
mercury  only  one-tenth  as  much. 
This  virtual  incompressibility  of 
liquids  is  of  £he  highest  practical 
importance. 

216.  Transmission  of 
Pressure. — Fluids  can  trans^ 
mit  pressure  in  every  direo^ 
tion,  upwardf  downward,  and 
sidewise  at  the  same  time. 

{a,)  This  property  of  liquids  may  be 
illustrated  by  the  apparatus  repre- 
sented in  Fig.  68,  The  globe  and 
cylinder  being  filled  with  water  and 
the  several  openings  in  the  globe 
Fig.  63.  closed  by  corks,  a  piston  is  pushed 
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Fig.  64. 


kown  tfae  c^Uoder.    TIw  pnesare  thni  tecelTed  and  tmumltted  I9 

the  confined  water  expels  the  cork  and  throw*  a  Jet  of  water  ftoiu 

BBcb  aperture.     (See  Appendix  D.) 
(S.)  The  explanation  of  this  property  of  flnids  may  be  Been  bj 

Kference  to  Pig.  64,  repreaentiug  Gts  moleculce  of  any  fiuid.  If  a 
downward  preosure  t>e  applied  to  1,  it 
will  force  2  toward  tho  riglit  and  3  tow- 
ard the  left,  thus  forming-  lateral  preb. 
■ure.  When  thus  moved.  3  will  force  4 
npward  and  5  downward.  Owing  to  the 
freedom  with  which  the  mn'ocules  moy» 
on  each  other,  there  Is  no  loss  by  friction, 
and  the  downward  prcaaure  of  5,  the 
npward  preaeure  of  4,  and  the  lateral 
pMMure  of  2,  will  each  equal  the  pres- 

IMB  exerted  by  1,     It  makes  no  difference  with  the  fact,  whether 

(hs  presHure  exerted  bj  I  was  the  result  of  its  own  weight  only. 

(his  weight  together  with  the  weight  of  overlying  molecnle*,  01 

both  of  these  with  still  additional  forces. 

317.     Pascal's    Law. — Pressure    exerted    any- 
where  upon   a    mass  of 
Uqui-d  is  transmitted  un- 
diminished in  aJl  direc' 
tioTis,  and  acts  with  the  | 
same  force  upon  all  equal  | 
surfaces  and  in  a  direc- 
tion at  rigM    angles    to 
those  surfaces. 

218.  An  Argument  from 

Pascal's  I^aw.— Pill  with  water 

ft  Teasel  of  any  ihape,  having  In 

Ha  ridea  apertnrea  whoM  areas  are 

feapectively  as  1,  3  and    3,  each 

^pn4nre  h^g  cloned  with  a  piston. 

without  friction  and  the  water  to  have  no  weight ;  thpn  there  will 

be  no  motion.     Suppose  that  the  piston  whose  area  is  n'preaenfed 

by  1  rests  upon  1000  molecules  of  the  water  ;  thrn  will  tlie  piston 

at  3  rest  npon  2000,  and  that  at  3  upon  8000  molecules  of  water. 

If  now  a  ^eamue  of  one  pound  be  applied  to  the  piston  at  1,  thk 


Fig.  65. 
Suppose  flift  pistons  tt 
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presBiire  Is  distributed  among  the  1000  molecnlee  upon  whMil 

presses.  Owing  to  this  freedom  of 
motion,  these  molecules  will  trannmiU 
this  pressure  to  those  adjacent,  and 
these  to  those  beyond,  until  evtay 
molecule  of  water  in  the  vessel  exerts 
a  pressure  equal  to  that  exerted  upon 
any  one  of  the  molecules  upon  which 
the  pressure  was  originally  exerted, 
i.  e.,  every  thousand  molecules  in  the 
vessel  will  exert  a  force  of  one  pound. 
Then  will  the  2000  molecules  at  2 
exert  a  force  of  two  pounds  and  the 

8000  molecules  at  3  will  exert  a  force  of  three  pounds. 

219.  An  Important  Principle. — The  foregomg 
argument  may  be  summed  up  as  follows:  When  fluids 
are  subjected  to  pressure,  the  pressure  sustained  hj 
any  part  of  the  restraining  surface  is  proportional 
to  its  area. 

220.  Experimental  Proof.— The  above  principle^ 
whieli  we  deduced  from  Pascal's  law,  may  be  verified  by  ex* 
penmen t,    Provide  two  com- 

mujiicating  tubes  of  unequal 

sectional  area.    When  water  is 

poured  into  these,  it  will  stand 

at  the  same  height  in  both 

tubes.   If  by  means  of  a  piston 

the  water  in  the  smaller  tube 

be  subjected  to  pressure,  the 

pressure  will  force  the  water 

back  into  the  larger  tube  and 

raise  its  level  tliero.  To  prevent 

this  result,  a  piston  must  be 

fitted  to  the  larger  tube  and  held  there  with  a  force  as 

many  times  greater  than  Uie  force  acting  upon  the  other 
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(fsbm  aa  the  area  of  tho  larger  jriBton  ia  times  gieatcr  than 
tii0  area  of  the  smaller  one.  If,  for  example,  the  smollei 
{HStott  bave  an  area  of  1  sq.  cm.  and 
the  lai;ger  piston  on  area  of  ^6  Bq. 
cm.,  a  weight  of  1  Eg.  may  be  iiiad« 
to  support  a  veight  of  IG  Eg. 

S31.  Pascars  Experiment 
— ^Pascal  Grmly  fixed  a  very  uunow 
tabe  abont  30  ft.  high  into  tlie  head 
4^  a  etont  cask.    He  then  filled  the 
cask  and  tube  vith  water.     Tho 
weight  of  the   small   omonat  of 
water  iu  the  tube,  producing  a  pre» 
sure  aa  many   times  greater  thao 
itself  as  the  inner  surface  of  tli« 
,  cask  was  times  greater  than  the 
[  Bectional  area  of  the  tube,  actually 
burst  the  cask. 
F10.M.  233.    Tho   Hydro- 

Statlo  Bellows. — The  hydrostatic  bellows 
insists  of  two  hoards  fastened  together  by 
a  iroad  harid  of  stout  leather,  and  a  smnll 
vertical  pthe  communieatin^  nnth  th&  in- 
terior. If  the  tube  have  a  scctioTiul  aroa  of  1 
^.  cm.,  the  downward  pressure  at  b,  its  ba.sc. 
win  be  one  gram  for  every 
centimeter  of  depth  of  water  _ 

hi  the  tube.  If  the  upper 
board,  B,  have  a  surfacj  of 
1000  sq.  cm.  exposed  to  the 
water  in  the  bellows,  it  will 
bQ  I^rened  upward  with  a 
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force  of  1000  g.  for  every  gram  of  downward  preasnre  at  6. 

If  tbe  tube  be  2  meters  high.the  downward  pressure  at  S 
will  be  200  g.  and  the  upward  pressure  exerted  on  B  will. 
ba  800  g.  X  1000  =  300,000  g.  or  S 


233.  The  Hydrostatic  Press.— The  hydrostatic 

press,  often  called  the  hydraulic,  or  Bramah's  press,  acts 
upon  the  same  principle.  It  is  represented  in  perspective 
by  Fig.  70  and  in  section  by  Fig.  71.  Instead  of  the 
downward  pressure  produced  by  the  weight  of  the  water 
in  the  tube,  pressure  la  produced  by  the  force-pump.  In- 
stead of  the  two  boards  and  the  leather  band,  a  large, 
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Fig.  71. 
strong  reserroir  and  a  piBton,  working  water-tight,  are 
nsed.  The  sabstance  to  be  presBod  is  placed  between  K, 
the  head  of  the  piston,  and  an  immovable  plate,  MN.  The 
reserroir  and  the  cylinder  of  the  pump  are  connected 
by  the  tube,  d.  By  the  action  of  the  pump,  the  water  in 
the  cylinder,  A,  is  sabjected  to  pressure  and  this  pressure 
is  tranamitted  undiminished  to  the  water  in  B.  According 
to  the  law  pven  in  %  219,  the  power  exerted  upon  the 
lower  Burfaeea  of  the  two  pistons  is  proportional  to  their 
respective  areas.  But  the  force  exerted  by  the  water  upon 
the  under  surface  of  the  piston  in  the  pump  is  the  same  as 
the  force  exerted  upon  the  water  by  tliat  piston,  (equality 
of  action  and  reaction).  The  piston, a,  is  generally  worked 
by  a  lever  of  the  second  class,  resulting  in  a  still  further 
gain  of  intensity  of  power.  If  the  power  arm  of  the  lever 
be  ten  times  as  long  as  the  weij^ht-arm,  a  power  of  50  Kg, 
at  the  end  of  the  lever  will  exert  a  pressure  of  500  Kg, 
upon  the  water  in  A.  If  the  piston  in  A  hare  a  sectional 
area  of  1  sq.  cm.  and  the  piston  in  B  have  an  area  of  &00 
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Bq.  cnL,  thea  the  pressare  of  600  Eg.  exerted  bj  the  smaB 
piston  will  produce  a  pressure  of  600  Kg,  x  600  =  260/K)l 
Kg.  apon  the  lower  euiface  of  the  large  pistoii.  Hfloai 
ihe  following  rale: 

MuZUj^y  the  pressure  exerted  by  the  piston  of  tJi4 
pump  by  the  ratio  between  the  sectional  areas  of 
the  two  pistons. 

(a.)  The  accompanying  flgora  shows  a  darlee  daeto  BMcUeot 
Beaton.    It  consialaof  a  baaa  B ;  a  sliding  plattono  P  g^iided  b7twt 
vertical  pUlare  ;   a  bellowB-formed  rabber  baf 
connecting  the  base  and  platform  ;  and  a  bag  ot 
flaak  F,  fitted  with  a  cap  and  cork      The  flaak  b 
HI'  connected  with  the  base  b;  flexible  tubing.    A 
n|  weight  W  is  placed  upon  the  platfonn.    E111 
the  globe  with  water,  and  elevate  It ;  ta    pree- 
sure  of  the  column  will  force  the  water  into  thf 
bellows,  niwag  the  weight ;  lower  the  globo 
kand   the   weight   wUt   forc«  the  water  bac% 
'  into  it 

334.  Liquid  Pressure  Due  to 
Gravity. — The  pressare  exerted  l^ 
liquids,  on  account  of  their  weight,  may 
be  downward,  upward,  or  lateral  Pres- 
sare in  any  other  direction  may  be  re- 
solved into  two  of  these.  We  shall  now 
briefly  consider  these  three  Idnds  ol 
liqoid  p 


S35.  Downward  Pressure.— 7^«  pressure  an 
the  bottom  of  a  vessel  containing  a  liquid,  is  i»- 
dependent  of  the  quantity  of  the  liquid  or  the 
shape  of  the  vessel,  hut  depends  upon  the  depth 
und    density  of    the   fluid  and  the  area  of  the 

hottofih. 
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(a.)  Paacal  conulved  K  neat  erpettment  tc  Teilf;^  tUl  prladplei 
Tbe  ippuslua  coDffistB  of  &  wooden  sappoit  c^rjio^  &  ting  inU 
which  may  bo  screwed  any  one  of  three  Tessels,  one  cylindrical,  on* 
irideniog  upward  and  one  n&nowing  upward,  Btraight  at  ben^-  Oi 
hi  Imm  rida  of  tbe  ting  is  a  plate  a,  supported  b;  •  thread  fm 


Fig  73. 

giM  end  of  an  ordlnarf  twlanee  Tlie  other  end  of  the  balance 
earrtes  a  scale-pan.  Wdghle  in  the  scale  pan  hold  the  plate  a 
ag^nst  the  ring  with  a  certain  force  %\  atpr  lb  carcf itllr  poured 
Into  M'  nntll  the  preeenre  forces  ofi  the  plate  and  allowa  a  little 
lOf  the  water  to  eswape,  A  rod  0  marlts  thn  IptpI  of  the  liquid 
when  this  takes  placa.  Repeating-  the  eTpenment  with  the  same 
w^ghta  in  the  scale-pan,  and  either  P  or  Q  in  the  plare  of  M 
the  plate  will  be  detached  when  the  water  has  reached  the  same 
tidght  altboo^  the  quantity  of  wat«r  Is  mnch  Uam. 


SS6.  Rule  for  Downward  Pressnre.— Whea 

the  cylindrical  vessel,  mentioned  in  the  last  paragraph,  is 
filled,  it  is  eyident  that  the  downward  pressure  is  equal  to 
the  mi^it  of  tiie  contained  liqaid.    It  u 
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that  the  Toigbt  of  tbe  oounterpoiso  ib  the  aosle-pu),  (fai 
vragbt  of  the  Uqnid  contained  in  P>  and  the  downwari 
pressure  exerted  on  the  plate  bj  the  liquid  contained  in' 
SL,  P,  or  Q  are  eqnaL  We  there&re  deduce  the  followinj^ 
.nle: 

To  find  tJie  AowKward,  pressure  on  a  horUontai 
surface,  find  the  weight  of  €tn  ima^nary  ctAurnn 
of  ihe  given  liquid,  whose  hose  is  ifts  same  as  the 
/tv«n  surface,  and  whose  altitude  is  the  same  ai 
ihe  depth  of  the  given  surface  below  the  surfaee 
of  the  liquid. 

JToet.— A  eaUo  foot  of  wMer  mt^  aboat  1000  aonoa*  SB} 
pooods  (mora  exactlf  62^  Ifaa.). 

SST.  Upward  Pressure. — Some  pennu  hare  dif- 

fionlty  in  nndeistauding  that  liquids  have  upward  pres- 
eura  This  upward  pressure  maj 
he  illustrated  as  follows;  Take  a 
glass  tube  open  at  both  ends,  hav- 
ing at  its  lower  end  aglass  or  mica 
disc  supported  ttom  ita  centre 
by  a  thread.  If  this  appuatns 
be  placed  in  water,  the  tube 
being  rertical,  the  npward  pres- 
sure of  the  water  will  bold  the 
disc  in  its  place.  If  the  disc  does 
not  accurately  flt  the  end  ot  tfafl 
;  tube,  water  will  be  forced  into  liie 
tube,  and  gradually  fill  it  from 
below.  If  the  disc  does  fit  aocu- 
rately,  as  ii  desirable,  ponrivtu 

darcfoll;  into  tlw  tolw.    In  either  cmsa,  the  diao  will  Ife 
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held  in  place  against  the  force  of  gravity  until  the  level  of 
the  water  within  the  tube  is  very  nearly  the  same  as  that 
in  the  outer  vessel.    The  disc  will  not  fall  until  the  weight 

.   of  the  water  in  the  tube  plus  the  weight  of  the  disc  equate 
the  upward  pressure. 

Nate. — A  lamp-chinuiey  uiswerB  tUe  purpose  of  this  experiment 
On  the  glaaa  disc  poor  a  little  fine  emerj  powder,  and  on  this  rub 

'    the  end  of  the  lamp-chiomej  tintil  thej  fit  accunitel  j.    The  string 
nsj  be  fastened  to  the  disc  with  wax. 

238.  Rule  for  Upward  Pressure.— To  find 
(he  upward  pressure  on  any  horizontal  surface, 
find  the  weight  of  an.  imaginary  column  of  the 
given,  liquid  whose  base  is  the  same  as  the  given 
surface,  and  whose  altitude  is  the  sam,e  as  the 
depth  of  the  given  surface  below  the  sarface  oj 
the  liquid. 

239.  The  Hydrostatic  Paradox.— It  may  seem 
strange  at  first  thought  that  vessels  whose  bottoms  are 
snbjected  to  equal  pressure,  like  those  represented  in  Fig, 
75,  do  not  exert  equal  pressures  upon  the  stand  supporting 
them;  in  other  words,  that  they  do  not  weigh  the  same. 
The  difficulty  will  be  removed  by  rememberiug  that  the 
pressure  on  the  bottom  of  the  vessel  is  only  one  of 
the  elenvents  which  combine  to  produce  the  pres- 
sure upon  the 
stand.  By  refer-  C  . 
ence  to  the  figure, 
which  represeuts 
three  vessels  of  un- 
equal capacity  but 
having  equal  pres-  ^ 
Bur3s  upon  the  hot- 
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torn/  it  will  be  seen  that  the  weight  may  be  the  resnltaDt 
of  several  forces,  compounded  according  to  the  first  and 
second  cases  specified  in  §  80. 

330.  Lateral  Pressure, — ^We  have  already  se^ 
that  downward  and  upward  pressure  are  proportional  tt 
the  depth  of  the  liquid.  Owing  to  the  principle  of  equal 
transmission  of  pressure  in  all  directions,  the  same  holds 

true  for  lateral  pressure,  the 
effects  of  which  are  some- 
times disastrously  shown  by 
the  giving  way  of  flood-gates, 

dams,  and  reservoirs. 

(a.)  These  effects  of  lateral 
pressure  may  be  safely  illus- 
trated by  a  tall  vessel  provided 
with  a  stop-cock  near  its  base, 
and  arranged  to  float  upon  the 
water.  When  this  vessel  is  fiUed 
with  water,  the  lateral  pressure 
at  any  two  points  at  the  same 
depth  and  opposite  each  other 
Fig.  76.  will  be  equal.     Being  equal  and 

opposite  they  will  neutralize  each  other  and  produce  no  motion.  If 
now  the  stop-cock  be  opened,  the  pressure  at  that  point  tending  to 
drive  the  apparatus  in  a  certain  direction,  say  toward  the  left,  is  re- 
moved ;  the  pressure  at  the  opposite  point  tending  to  drive  the 
vessel  toward  the  right,  being  no  longer  opposed  by  its  equal,  wiU 
now  produce  motion  and  the  vessel  will  float  in  a  direction  opposite 
to  that  of  the  spouting  water.  Instead  of  being  floated  upon  water, 
the  vessel  may  be  supported  by  a  long  thread.  The  same  principle 
is  illustrated  in  Barker's  Mill.    (Fig.  91.) 

331.  Rule,  for  Lateral  Pressure. — Xo  find  the 
pressure  upon  any  vertical  surface,  find  the  weight 
of  an  imaginary  column  of  the  liquid  whose  base 
is  equal  to  the  given  surface  and  whose  altitude 
is  the  same  as  the  depth  of  the  centre  of  the  given 
surface  below  the  surface  of  the  liquid. 
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Exercises. 

1.  Wliat  will  be  the  pressure  on  a  dam  in  20  feet  of  water,  the 
dam  being  30  feet  long ! 

2.  What  will  be  the  pressure  on  a  dam  in  6  m.  of  water,  the  dam 
being  10  m.  long  ? 

3.  find  the  pressure  on  one  side  of  a  cistern  5  feet  square  and  12 
feet  high,  filled  with  water. 

4  Find  the  pressure  on  one  side  of  a  cistern  2  m.  square  and  4  m. 
Idgh,  filled  with  water. 

5.  A  cylindrical  vessel  having  a  base  of  a  sq.  yd.,  is  filled  with 
water  to  the  depth  of  two  yards.  What  pressure  is  exerted  upon 
the  base? 

6.  A  cylindrical  vessel  having  a  base  of  a  sq.  m.  is  filled  with  water 
to  the  depth  of  two  meters.  What  pressure  is  exerted  upon  the 
base? 

7.  What  will  be  the  upward  pressure  upon  a  horizontal  plate  a 
foot  square  at  a  depth  of  25  ft.  of  water  ? 

8.  What  will  be  the  upward  pressure  upon  a  horizontal  plate  30 
em,  square  at  the  depth  of  8  m.  of  water  ? 

9.  A  square  board  with  a  surface  of  9  square  feet  is  pressed 
against  the  bottom  of  the  vertical  wall  of  a  cistern  in  which  the 
water  is  8J  feet  deep.  What  pressure  does  the  water  exert  upon 
the  board  ? 

10.  A  cubical  vessel  with  a  capacity  of  1728  cubic  inches  is  two- 
thirds  full  of  sulphuric  acid,  which  is  1.8  times  as  heavy  as  water 
find  the  pressure  on  one  side. 

11.  A  conical  vessel  has  a  base  with  an  area  of  237  8q.  cm.  Its 
altitude  is  38  cm.  It  is  filled  with  water  to  the  height  of  35  cm. 
Find  the  pressure  on  the  bottom.  Ans.  8295  g. 

12.  In  the  above  problem,  substitute  inches  for  centimeters,  *nd 
then  find  the  pressure  on  the  bottom. 

13.  What  would  be  the  total  liquid  pressure  on  a  prismatic  vessel 
containing  a  cubic  yard  of  water,  the  bottom  of  the  vessel  being  2 
by  3  feet? 

14.  The  lever  of  a  hydrostatic  press  is  6  feet  long,  the  piston-rod 
being  1  foot  from  the  fulcrum.  The  area  of  the  tube  is  one-half 
square  inch  ;  that  of  the  cylinder  is  100  square  inches.  Find  the 
weight  that  may  be  raised  by  a  power  of  75  lbs 

15.  What  is  the  pressure  on  the  bottom  of  a  pyramidal  vessel 
filled  with  water,  the  base  being  2  by  3  feet,  and  the  height,  5  feet? 

16.  What  is  the  pressure  on  the  bottom  of  a  conical  vessel  4  feet 
high  filled  with  water,  the  base  being  20  inches  in  diameter  ? 
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Recapitulation. — In  this  section  we  have  considered 
Incompressibility;  the  Transmission  of  Pres- 
sure with  Explanation  and  Illustration ;  Pas- 
cal's Law  with  Argument  and  Conclusion 
therefrom;  one  of  Pascal's  Experiments ;  the 
Hydrostatic  Bello^vs;  the  Hydrostatic  Press; 
Do^vnvs^ard  Pressure  with  experimental  illustra- 
tions; Rule  for  computing  downward  pressure ;  Up- 
ward Pressure  with  experimental  illustrations; 
Rule  for  computing  upward  pressure;  Lateral 
Pressure  with  experimental  illustrations;  Rule  for 
computing  lateral  pressure. 
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EQUILIBRIUM.— CAPILLARITY.— buoyancy: 

332.  Conditions  of  Liquid  Rest.— The  force 
of  gravity  tends  to  draw  all  liquid  particles  as  near  the 
earth's  centre  as  possible.  The  following  are  necessary 
conditions,  that  a  liquid  may  be  at  rest : 

p..)  The  free  surface  of  the  liquid  must  he 
everywhere  perpendicular  to  the  force  of  gravity, 
i.  e,,  horizontal.  In  the  case  of  the  ocean,  this  condition 
is  modified  by  the  so-called  centrifugal  force,  which  gives 
rise  to  the  spheroidal  shape  of  the  earth. 

(2.)  Every  molecule  must  be  subjected  to  equal 
and  contrary  pressures  in  every  direction, 

333.  Equilibrium  of  Liquids. — ^A  liqnid  of 
small  surface  area  is  said  to  be  level  when  all  the  j)oitti»  «* 


Fig.  77. 


ite  Borfocfl  are  in  tbe  same  horizontal  plane.  Tlie  central 
idea  is  expreased  in  the 
^miliar  sajing,  water 
seeks  its  level.  This 
is  trne  whether  the 
liqaid  be  placed  in  a 
single  veBBel  or  in  sev- 
eral veesela  that  com- 
mon icate  with  each 
other. 

234.  Communi- 
cating: Vessels. — 

When  any  liqaid  is 
placed  in  one  or  more 
of  several  veseelB  commnnicating  with  each  other,  it  iviH 
not  come  to  rest  until  it  stands  at  the  same  height 
in  all  of  the  vessels,  so  that  all  of  the  free  surfaces  lie 
fn  the  same  horizontal  plane.  This  principle  is  prettily 
illnetrated  by  the  apparatus  represented  in  Fig.  77.  It 
coDsiatH  of  snch  communicating  vessels  cuntaining  a  liquid. 

(a.)  This  important  principle  that  "  water  seeks  its  level "  finda  a 
^gigantic  Ulnstration  in  the  SfStem  of  water-pipes  by  which  water  Is 
distributed  in  dtiee  and  laxge  towns.  Brouglit  or  pumped  Into  an 
elevated  reeervoir  neat  the  city,  the  water  finws,  in  obedience  to  the 
force  of  gravity,  tlirough  all  tiie  turns  and  windings  of  all  tUe  pipei 
connected  with  the  reservoir,  and  is  thus  brought  into  tliousanda  of 
buildings.  Into  any  of  tlie  rooms  of  any  of  these  houses  the  water 
may  thns  be  led,  provided  <mlp  that  tlie  ends  of  the  pipes  be  below 
the  level  of  tbe  water  tn  the  rme.froiT. 

(B.)  Among  the  many  other  results  of  this  tendency  of  water  to 
seek  its  level  may  be  mentioned  the  acUoo  of  springs  and  Artesian 
wells,  tbe  use  of  locks  on  canals,  the  spirit-level,  the  flow  of 
Btreams.  etc 
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235.  Capillary  Attraction.  —  The  statements! 
made  concerning  the  equilibrium  of  liquids  are  subject  to 
one  important  modification.  When  the  vertical  sides  of 
the  containing  vessel  are  very  near  each  other,  as  in  the 
case  of  small  tubes^  we  have  a  manifestation  of  vhat  is 
called  capillary  attraction. 

336.  Capillary  Phenomena. — If  a  clean  glass 
rod  be  placed  vertically  in  water,  the  water  will  rise  above 
its  level  at  the  sides  of  the  glass.  If  the  rod  be  now 
plunged  into  mercury,  this  liquid  will  be  depressed  instead 
of  raised.  If  the  experiments  be  repeated,  it  may  be  noticed 
that  the  water  wets  the  glass  while  the  mercury  does  not 
If  the  glass  be  smeared  with  grease  and  placed  in  water, 
the  surface  of  the  water  will  be  depressed;  if  a  clean  lead 
or  zinc  plate  be  placed  in  the  mercury  the  surface  of  the 


Fig.  78. 

mercury  will  be  raised.  In  this  case  the  greased  glass  will 
come  out  dry,  no  water  adhering  to  it,  while  mercury  will 
adhere  to  the  lead  or  zinc.  This  is  found  to  be  invariably 
true:  all  liquids  that  mill  wet  the  sides  of  solids 
placed  in  ihem  mill  he  lifted,  while  those  that  do 
not  will  he  pushed  down.    In  the  figure,  a  represents 
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t  glaes  rod  in  water;  b,  a  glaes  tube  in  waic.  ;  and  c,  a 
glass  tube  in  mercury. 

(a.)  This  Bo-called  altracUon  ie  atli  to  be  "capillarj"  bectLuse 
Its  phenomena  are  best  shown  In  tabes  aa  fine  aa  a  hair  il^tia, 
mpSlu*).  If  fine  glasa  tabeo  be  placed  In  water,  tha  liquid  wlU 
rise,  wet  the  tnbe,  and  have  a  concave  surface.  If  they  be  [ilaced  In 
merciuy,  the  liquid  will  be  depressed,  will  not  wet  the  tube,  and 
•ill  have  a  convex  surface.  3%e  finer  the  Me,  the  greater  Ifie 
a^Slary  axent  or  deprettion. 

337.  Displacement  of  a  Fluid  by  an  Im- 
iuersetl  Solid. — ^  solid  im/mersed  in  a.  fluid  iviU 
displace  exfictly  tie  own  volume  of  the  fluid.  Thia 
may  be  proved,  if  desirable,  by  plunging  a  heavy  body  of 
known  volume,  as  a  cubic  centimeter  of  iron,  into  water 
contained  in  a  glass  vessel  graduated  to  cubic  centimeters. 
The  water  will  rise  just  as  if  another  cubic  centimpter  of 
water  had  been  added.  Thus,  tbevobimeof  any  irregularly 
shaped  body  may  be  found. 

338.  Archimedra*  Principle.— 2^6  loss  of 
weight  of  a  body  immersed  in  a  fluid  equals  the 
weight  of  the  fluid  which  it  displaces. 

(o.)  It  Is  a  familiar  fact  that  a  person  may  easily  raiso  to  tli^-  sm- 
face  of  the  water  a  stone  which  he  cannot  lift  any  further.  When 
an  arm  or  leg  is  lifted  out  of  the  water  of  a  batli  tub,  tbere  is  a 
sadden  and  very  perceptible  increase  of  weight  at  the  surface.  Let 
ns  try  to  find  a  reason  for  these  familiar  truths.  Iiiiapine  a  cube., 
us  centimeters  on  a  side,  immersed  iu  water  i 
that  four  of  its  surfaces  are  vertical  and  i 
upper  horizontal  surface  twelve  centiraete 
below  the  aorface  of  the  water.  Tlie  lateral 
preesares  which  the  water  exerts  upon  any  t' 
oppoate  vertical  surfaces  are  clearly  equal  and 
opposite.  They  will  have  no  tendency  to  move 
ibolMjdy.  Bat  the  vertical  pressures  upon  the 
two  horizontal  surfaces  are  not  equal.  The 
lower  face  will  be  pressed  upward  with  a  force 
teprewnted  by  the  weight  of  (6  x  6  x  13  =)  Pia.  79. 


Iiiiapine  a  cuije. 

I 
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S48  ea.  em.  of  water  (Bee  §  838)  while  the  upper  Hoe  wffl  be  preoied 
downward  with  a  force  repregented  by  tbe  weight  ot  (6  x  6  x  13  =) 
482  «(.  em.  of  water.  The  reaultant  of  all  theae  forces,  theref<»e, 
will  be  a  net  upward  pressure  represented  by  the  weight  of  (648— 
483=)  316  en.  em.  of  wat«r.  But  318  f.u.  cm.  is  the  volume  of  the 
cube.  Thig  net  upward  pre»ture  or  buoj/ant  effort  is  exerted  againM 
the  fores  ofgratity,  and  diminiflheB  the  weight  of  the  cube. 

239.  An    Experimeutal   Demonstration.— 

Tbia  principle  of  Archimedes  may  be  experimeDtally  veri- 
fied as  follows:  From  one  end  of  asGal&-beam  sospeod  a 


1 


cylindriciil  bucket  of  metal,  h,  and  below  that  a  solid  cyl- 
inder, a,  which  acctirately  fits  into  the  bucket.  Counteiv 
poise  with  weights  in  the  opposite  scale-pan.  Immerse  a 
in  water  and  the  counterpoise  will  descend,  showing  that  a 
has  lost  some  of  its  weight.  Carefully  fill  J  with  irater. 
It  will  hold  exactly  the  quantity  displaced  by  a.  Eqaili' 
brimn  will  be  restored. 
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(a.)  Insert  a  short  spout  in  the  side  of  a  vessel  (as  a  tin  fmit-can) 
about  an  inch  below  the  top.  Fill  the  vessel  with  water  and  let  all 
above  the  level  of  the  spoat  escape.  This  is  to  replace  the  vesse' 
of  water  in  which  a  (Fig.  80)  is  immersed.  Instead  of  the  bucket, 
\  l^  use  a  cup  placed  on  the  scale  pan.  Instead  of  a^  use  any  con- 
h  renient  solid  heavier  than  water,  as  the  fragment  of  a  stone.  Coun- 
terpoise the  cup  and  stone  in  the  air.  Immerse  the  stone  in  the 
vrater  and  catch,  in  any  convenient  vessel,  every  drop  of  water  that 
overflows.  This  will  be  the  fluid  that  the  solid  dinplaces.  The 
equilibrium  is  destroyed,  but  may  be  restored  by  pouring  the 
water  just  caught  into  the  cup  on  the  scale-pan. 

340.  Floating^  Bodies. — ^When  solids  of  different 
densities  are  thrown  into  a  given  liquid,  those  having  den- 
sities greater  than  that  of  the  liquid  ^^sjjrr;:— ^^ 
will  sink,  because  the  force  of  gravity  \\ms^^ 
overcomes  the  buoyancy  of  the  liquid  ;  [Sh^S 
those  having  densities  equal  to  that  of  \5^ 
the  Kquid  will  remain  at  rest  in  any  ir^^^la 

position  in  the  liquid,  because  the  op-  -fttSj^^g^^^ 
posing  forces,  gravity  and  buoyancy,  ^^^^^^^'^'^^ 
are  equal;  those  having  densities  less  pre.  8i. 

than  that  of  the  liquid  will  float,  because  the  force  of 
gravity  will  draw  them  down  into  the  liquid  until  they 
displace  enough  of  the  liquid  to  render  the  buoyant  effect 
equal  to  the  weight.  Hence,  a  floating  hocly  displaces 
its  oiun  weight  of  the  fluid.  This  may  be  shown  ex- 
perimentally by  filling  a  vase  with  water.  When  a  float- 
ing body  is  placed  on  the  surface,  the  water  displaced  will 
overflow  and  may  be  caught.  The  water  thus  caught  will 
weigh  the  same  as  the  floating  body. 

(a  )  Place  the  tin  vessel  with  a  spout,  mentioned  in  the  last 
article,  upon  one  scale-pan,  and  fill  it  with  water,  some  of  which 
will  overflow  through  the  spout.  When  the  spout  has  ceased 
dripping,  counterpoise  the  vessel  of  water  with  weights  in  the 
other  scale-pan.    Place  a  floating  body  on  the  water.     This  will 
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destroy  the  eqnilibriuin,  but  water  will  overflow  thioiigli  th«  wgoB^ 
until  the  equilibriiim  is  restored.  This  shows  that  the  floatiq| 
bod/  has  displaced  its  own  weight  of  water. 

EXEBOISES. 

1.  How  much  weight  will  a  tu.  dm.  of  Iran  loss  when  placed  ia 

▼ater? 

2.  How  much  weight  would  it  lose  In  a  liquid  18.6  times  as  hea^ 
as  water  ? 

3.  If  the  eu,  dm.  of  iron  weighs  only  7780  ^.,  what  does  yooi 
answer  to  the  2d  proijiem  signify  T 

4.  How  much  weight  would  a  cubic  foot  of  stone  lose  in  water! 

5.  If  100  cu.  cm.  of  lead  weigh  1185  g.,  what  will  it  weigh  in 
water  ? 

6.  If  a  brass  ball  weigh  83^  ^.  in  air  and  78.8  ff.  in  water,  what  if 
its  volume  ? 

7.  If  a  brass  ball  weigh  88  J  oa.  In  air  and  7b.8  os.  In  water,  what 
Is  its  volume  f 

Becapitiilatlon. — ^In  this  section  we  have  considered 
the  Conditions  of  Liquids  at  Rest ;  the  Bqui- 
librium  of  liquids  in  Single  and  Communica- 
ting Vessels ;  the  Water  Supply  of  cities ;  the 
Equilibrium  of  Different  Liquids  in  comma* 
nicating  vessels;  Capillary  Attraction  and  some 
of  its  Phenomena ;  Capillary  Tubes ;  the 
quantity  of  a  Fluid  Displaced  by  an  immersed 
solid;  the  Buoyancy  of  Fluids  ;  Archimedes' 
Principle  ;  several  Explanations  of  Archimedes' 
Principle  and  its  Experimental  Verification 
Floating  Bodies. 
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^^SeCTION   III. 

SPECIFIC    GRAVITY. 

»4:1.  What  Is  Specific  Gravity  t^Ths  gpeeifU 
gravity  of  a  body  is  the  ratio  between  its  weight 
arid  the  weight  of  a  like  vclume  of  some  other 
substance  taken  as  a  standard. 

242.    Standard    of    Specific    Grarlty.— Tlie 

standard  taken  must  be  invariable.    For  solids  and  liquids, 
the  standard  adopted  is  distilled  water  at  a  temr 
perature  of  Jf"  C,  or  SQ.g''  F,    For  a§riform  bodies,  the 
standard  is  air  or  hydrogen. 

(a.)  The  water  is  to  be  dtotiUed,  or  freed  from  aU  foreign  sub 
ttanoea,  because  the  weight  of  a  giyen  quantity  of  water  varies  witli 
the  BubBtaaces  held  in  eolation  It  is  to  be  at  a  fixed  temperature 
because  of  the  expansion  by  heat.  The  temperature  above  men- 
tioned Is  that  of  water  at  its  greatest  density  In  cases  where  air  or 
hydrogen  is  taken  as  a  standard,  the  additional  condition  of  atmos 
pheric  pressure  must,  for  obvious  reasons,  be  recognized.  The  pre& 
sure  to  which  all  observations  in  this  country  are  reduced  is  that 
moorded  by  80  inches  (76^  mm,)  of  the  barometer. 

343.  Elements  of  the  Problem. — For  solids 
or  liquids,  the  dividend  is  the  weight  of  the  glvert: 
body  ;  the  divisor  is  the  weight  of  the  same  volume 
of  water;  the  quotient,  which  is  an  abstract  iiuinber,  is 
the  specific  gravity,  and  signifies  that  the  given  body  is  so 
many  times  heavier  than  the  standard.  The  weight  of  the 
same  volume  of  water  is  found  sometimes  in  one  way  and 
sometimes  in  another,  but  in  every  case  it  is  the  divisor. 
By  grasping  and  keeping  this  idea,  you  will  avoid  much 
possible  confusion.  Of  course,  when  any  two  of  these 
three  are  given,  the  third  can  be  found. 


IM  apxczno  asAvmr^ 

24^  To  Find  the  Specific  Oravity  of  Solldk. 

—The  most  common  method  of  finding  tKe  specific  gar- 
ity  of  a  aolid  beaTier  tban  water,  is  to  find  the  weight  ol 
the  body  in  the  air  (=  W),  then  Bospend  the  body  bji 
^ht  thread  and  und  its  weight  in  water  (=  W),  oitd 
divide  the  weight  of  tha  body  in  air  by  the  weight  of  Qte 
game  bulk  of  water  (§  238,  ArchimedeB'  Principle). 


8p.0r.: 


W-  W 


(oO  TiMtBetliodtBiUiifltratedbytliefallowIiigesuipl*. 
Wtigbt  of  Bubstonce  in  ^  =  58]  oz. 

Weight  of  Bnbatance  In  water  =  01  oa. 
Weight  of  equal  balk  of  water  =  T^  ox. 
H^^ognvit;  =  681  oz.  -^  TJ  02.  =  7.8.  -<in* 


Y*  A  fiui 


^4S.  To  Find  the  Specific  Gravity  of  Solids 
lilffhter  than  Water. — If  the  given  body  be  lighter 
than  water,  fasten  to  it  some  body  heavy  enough  to  eink 
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it  Mnd  the  loss  in  weight  of  the  combined  mass  when 
weighed  in  water.  Do  the  same  for  the  heavy  body. 
Subtract  the  loss  of  the  heavy  body  from  the  loss  of  the 
combined  body.  Divide  the  weight  of  the  given  body  by 
this  difference.  (Show  that  this  divisor  is  as  indicated  in 
§  243.)  A  modification  of  this  method  is  to  balance  the 
sinker  in  water.  Then  attach  to  it  the  light  snbstance  in 
question^  e.  g.^  a  cork,  and  determine  the  buoyant  effort  of  the 
corky  t.  e.^  the  weight  of  its  bulk  of  water.    Divide  as  before. 

(ol)  The  first  method  is  Ulnstrated  b^  the  foUowiog  example : 

(1.)  Weight  of  cork  and  iron  in  air  . .  82.4  g. 

I  (8.)         •'     ••    ««        u       u      ^ater 52.4  g. 

'  (Bi)         **     "  water  displaced  l^  cork  and  iron....  80.  g. 

(i)         •«     "  iioninair. 77.8g 

<B.)         ••••••      water ....67.8g 

(8.)         "     "  water  displaced  l^  iron 10    g. 

p.)         •*     "      •*  "  cork  (3)  -  (6). . .  .20.   g 

©.)         •*     "corkinair (l)-(4)..   .4.6g 

^.)  Spedfic  graidtjT  of  the  cork (8)  +  (7) 23 

ao.)         •*  "       "      iron (4) h- (6)....  7.78 

246.  To  Find  the  Specific  Gravity  of 
Liquids, — ^The  principle  is  unchanged.  A  simple 
method  is  as  follows:  Weigh  a  flask  first  empty;  next, 
full  of  water ;  then,  full  of  the  given  liquid.  Subtract  the 
weight  of  the  empty  flask  from  the  other  two  weights ; 
the  results  represent  the  weights  of  equal  yolumes  of  the 
given  substance  and  of  the  standard.  Divide  as  before. 
A  flask  of  known  weight,  graduated  to  measure  100  or 
1000  grams  or  grains  of  water  is  called  a  specific  gravity 
fi,asikm  Its  use  ayoids  the  first  and  second  weighings  above 
mentioned^  and  simpUfies  the  work  of  division. 

247.  Another  Simple  Method.— The  specific  gravity  ol 
a  liqnid  may  be  easily  determined  as  follows :  Find  the  loss  of 
weight  of  any  insoluble  solid  in  water  and  in  the  given  liquid 
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From  §  238  determine  what  these  two  loeses  represent    Divido  ai 
before.    The  solid  used  is  called  a  specific  gravity  biUb. 

Other  methods  are  sometimes  used,  but  as  they  depend  upon  thi 
principles  already  explained,  they  need  not  be  set  forth  herei 
Some  of  them  will  be  illustrated  in  the  problems. 

S48.  To  Find  the  Specific  Gravity  of  Gases. 

—The  specific  gravity  of  an  aSriform  body  is  always  found 
by  comparing  the  weight  of  equal  volumes  of  the  standard 
(air  or  hydrogen)  and  of  the  given  substance.  The  method 
is  strictly  analogous  to  th^  one  first  given  for  liquids.  The 
air  is  removed  from  the  flask  with  an  air-pump — an  in- 
strument to  be  studied  soon.  The  accurate  determination 
of  the  specific  gravity  of  gases  presents  many  practical  dif- 
ficulties which  cannot  be  considered  in  this  place. 

2^ote. — The  weight  of  any  solid  or  liquid  (in  grams  per  eu,  cm,) 
Jepresents  its  specific  gravity.  Bodies  are  commonly  weighed  in 
ihe  air.  But,  in  common  with  all  other  fluid  bodies,  the  air  has 
weight  and  therefore  (§  288)  diminisJies  the  true  weight  of  all  bodies 
thus  weighed.  This  diminution  is  generally  disregarded,  but  in 
eertain  delicate  operations  it  must  be  carefully  considered. 

349.  Hydrometers. — ^Instruments,  called  hydrom- 
cters  or  areometers,  are  made  for  the  more  convenient  de- 
termination of  specific  gravity*  They  dispense  with  the 
use  of  the  balance,  an  instrument  requiring  careful  hand- 
ling  and  preservation.  Hydrometers  are  of  two  kinds : 
(1.)  Hydrometers  of  constant  volume,  as  Nicholson's, 
(2.)  Hydrometers  of  constant  weight,  as  Beaume's. 

250.  Nicholson's  Hydrometer.— Nicholson's 
hydrometer  is  a  hollow  cylinder  carrying  at  its  lower  end 
a  basket  d,  heavy  enough  to  keep  the  apparatus  npright 
when  floated  on  water.  At  the  top  of  the  cylinder  is  a 
vertical  rod  carrying  a  pan  «,  for  holding  weights,  etc. 
The  whole  apparatus  must  be  lighter  than  water,  so  that  a 
certain  weight  (=  W,)  must  be  put  into  the  pan  to  sink 
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Fig.  83. 
the  apparatna  to  a  fixed  point  marked  on  the  rod  (as  c) 
The  f^ven  body,  which  must  weigh  lege  than  W,  is  place 
n  the  pan,  and  enough  weights  (=:  w)  added  to  sink  ths 
point  c  to  the  water  line.  It  is  evident  that  the  weight  ol 
Uie  given  body  is  W—  w.  It  is  now  talien  from  the  pan 
and  plaoed  in  the  basket,  when  additional  weights  (=  x) 
moat  be  added  to  sink  the  point  e  to  the  water  line. 

B^.ffr.  =  -tj£.     (Why?) 

S61.  Fahrenheit's  Hy- 
drometer.— ^Fahrenheit's  Hy- 
drometer ia  similar  in  form  to 
Nicholson's,  bat  is  made  of  glass 
instead  of  metal,  so  that  it  may 
be  nsed  in  any  liqnid.  The  bas- 
ket is  replaced  by  a  bulb  loaded 
with  shot  or  mercury.  The 
reight  of  the  instrument  { =  IT ) 
Is  accurately  determined.  The  J 
instmment  is  phiced  in  water,  FiG'  S4- 
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and  ft  woiglit  (=  w),  enffioient  to  sink  Uie  point  c  to  tlu  | 
water  line,  ia  placed  in  the  pan.    The  weight  of  watei  di»>  I 
placed  by  the  Instrument  =  W  +  w^   The  hydromet^  ii 
now  removed,  wiped  dry,  and  placed  in  the  g^ven  liqnid 
A  weight  (=  x),  sufficieat  to  stok  the  hydrometer  to  i^  is 
placed  in  the  pan. 


Sp.  Qr. 


(Whyf) 


KoU.—k  Hlcbolmn's  bydrometer  may  be  osed  u  a  FUuenlulO 
in  anj  liquid  which  has  no  chemical  action  upon  the  metal  of  which 
It  is  made.  Neither  of  theee  hydrometers  gives  tesnlta  as  accmati 
as  those  obtained  b;  the  methods  pievionslj  given. 

253.    Constant   Weight    Hydrometers.— A 

hydrometer  of  constant  weight  consists  of  a  g^ass  tobe  neu 
the  bottom  of  which  are  two  bnlbs.  The  lower  and  smallet 
bulb  is  loaded  with  mercuTy  or  shot 
The  tube  and  upper  bulh  containing  aii; 
the  instrument  is  lighter  than  water. 
The  point  to  which  it  dnks  when  placed 
in  pure  water  is  generally  marked  zero, 
The  tube  ia  graduated  above  and  below 
zero,  the  graduation  being  sometimes 
upon  a  piece  of  paper  placed  within  the 
tube.  As  a  long  stem  would  be  incon- 
Tenient,  it  is  cnatomary  to  have  two  in- 
struments, one  having  zero  near  the 
top,  for  liquids  heavier  than  water;  the 
other  having  zero  near  the  bnlb,  for 
liquids  lighter  than  water.  Tbe  scale  of  graduation  ia  arbi. 
trary,  varying  witb  tbe  purpose  for  which  tbe  instrument  it 
intended.  Tbese  instruments  are  more  frequently  need  to 
determine  the  degree  of  concentration  or  dilution  of  certain 
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liqnicby  as  acids^  alcohols,  milk,  solations  of  sngar,  etc^ 
ihan  their  specific  grayities  proper.  According  to  theii 
QBes  they  are  known  as  acidometers^  alcoholometers^  lac* 
tometers,  saccharometers,  etc.  They  all  depend  upon  the 
pnnciple  that  a  floating  body  will  displace  its  own  weight 
of  the  liquid  upon  which  it  floats,  and,  consequently,  a 
greater  volume  of  light  than  of  heavy  liquids. 

253.  Tables  of  Reference^— (1.)  Specific  gravities 

of  some  solids: 

Bran. 8.88 

lion  (bar) 7.78 

lliiCcast) 7.29 

Inm  (cast)... 7.21 

Qno  (cast). 6.86 

Flint  Glass. aSS 


Iiidinm. 23.00 

Platinoin 22.069 

Gold  (forged)..  .19.86 

Lead  (cast) 11.85 

^ver  (cast).... 10.47 
Copper  (cast). . .  a79 


Marble  (statuary).  2. 83 
Anthracite  Coal . .  1 .  80 
BitmninoiLS  Q09I  .1.25 

Ice  (melting). 92 

Pine 65 

Ck)rk 24 


(2.)  Sp^ific  gravities  of  some  liquids : 

Nitric  Add.....  1.23 

Milk 1.03 

Sea  Water 1.026 


Mercury 13.6 

Bulpburic  Acid..  1.84 
Hydrochloric  Acid  1.24 


Turpentine 87 

Alcohol 8 

Ether 72 


(3.)  Specific  gravities  of  some  gases:    (Barometer  =  760 
mm.\  Temperature  =  32^ F.  or  0°  C.) 

AlB  =  Standabd. 

Hydroiodic  Acid 4.41 

Carbon  Dioxide -. .  .1.53 

Oxygen ...  1.1 

Air 1.0 

Nitrogen 97 

Hydrogen 069 


Hydrogen  =  Standard. 

Hydroiodic  Acid 64 

Carbon  Dioxide 22 

Oxygen 16 

Air 14.5 

Nitrogen . .  14 

Hydrogen 1 


Note. — ^The  weight  of  a  cubic  foot  of  any  solid  or  liquid  is  equal 
Id  62.421  lbs.  avoirdupois  multiplied  by  its  specific  gravity. 

The  weight  of  a  cubic  centimeter  of  any  solid  or  liquid  is  equal 
Oo  1  gram  multiplied  by  its  specific  gravity. 

The  weight  of  a  liter  {or  cu,  dm.)  of  any  solid  or  liquid  is  equal 
to  1  Kg,  multiplied  by  its  specific  gravity. 

The  tables  above  give  only  average  densities.  Any  given  sped 
aaen  ma,y  vary  from  the  figures  there  given. 
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EXEBOISES. 

Note, — Be  on  the  alert  to  recognize  Archimedes'  Prindple  li 
disguise.    Consider  the  weight  of  water  62^  lbs.  per  cubic  foot. 

The  numbers  obtained  for  the  right  hand  column  maj  be  eithei 
'*du6  or  minus  ;  the  former  sign  denotes  weight  in  the  fluid ;  ih« 
latter,  the  load  it  could  support  in  the  fluid. 


No. 

Weight 
in  Air. 

Weight 
in  Water. 

L088  of 

Weight  in 
Water. 

Spec. 
Grav. 

Volume. 

Ant  Fluid. 

Sp.  Gr.  of 

Weight  in 

1 

1500  lbs. 

1000  lbs. 

? 

? 

fen  ft. 

1.5 

? 

3 

6000  oz. 

? 

1600  oz. 

f 

f 

? 

3000  oz. 

8 

1875  g. 

f 

3 

? 

1.8 

• 

• 

4 

9375  g. 

f 

? 

? 

1.5 

4687.6  g. 

5 

? 

? 

7.6 

800  CO.  cm. 

%A 

? 

6 

1125  lbs. 

f 

? 

? 

8 

876  Hm. 

7 

? 

? 

f 

8ca.  ft. 

18.6 

3700  lbs. 

8 

f 

f 

6.86 

6  en.  dm. 

18.6     *• 

f 

9 

IKg. 

? 

? 

1 

? 

? 

300  g. 

10 

? 

? 

3.88 

10  en.  ft. 

.8 

f 

11.  A  bone  weighs  2.6  ounces  in  water  and  6.6  ounces  in  air; 
what  is  its  specific  gravity  ? 

12.  A  body  weighing  453  g.  weighs  in  water  429.6  g.;  what  is  its 
specific  gravity  ? 

13.  A  piece  of  metal  weighing  52.35  g.  is  placed  in  a  cup  filled 
with  water.  The  overflowing  water  weighed  5  g.  What  was  tho 
specific  gravity  of  the  metal  ? 

14.  (<z.)  A  solid  weighing  695  g.  loses  in  water  83  g.;  what  is  ita 
specific  gravity ;  (&)  how  much  would  it  weigh  in  alcohol  of  specific 
gravity  0.793? 

15.  A  1000  grain  bottle  will  hold  708  grains  of  benzoline.  Find 
the  specific  gravity  of  the  benzoline. 

16.  A  solid  which  weighs  2.4554  oz.  in  air,  weighs  only  2.0778  oz. 
in  water.    Find  its  specific  gravity. 

17.  A  specimen  of  gold  which  weighs  4.6764  g.  in  air  loses  0.2447 
g.  weight  when  weighed  in  water.     Find  its  specific  gravity. 

18.  A  ball  weighing  970  grs.,  weighs  in  water  895  grs.,  in  alcohol 
910  grs.;  find  the  specific  gravity  of  the  alcohol. 

19.  A  body  loses  25  grs.  in  water,  23  grs.  in  oil,  and  19  grs.  in 
alcohol.     Required  the  specific  gravity  of  the  oil  and  the  alcohoL 
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.  A  body  weighing  1586  g.  weighs  in  water  1288  g.;  what  is  its 

ific  gravity  ? 

L  Calculate  the  specific  gravity  of  sea  water  from  the  following 

t. 

Weight  of  bottle  empty 8.5805  g. 

••      fiUed  with  distilled  water....  7.0722  g. 
"  "  "  sea  "...  7.7849  g. 

28.  Determine  the  specific  gravity  of  a  piece  of  wood  from  the 
dlowing  data:   Weight  of  wood  in  air, 4  g.;  weight  of  sinker, 
Og. ;  weight  of  wood  and  sinker  under  water  8.5  g.;   specifio 
jnvity  of  sinker,  10.5. 

23.  A  piece  of  a  certain  metal  weighs  8.7805  g.  in  air ;  1.5780  g. 
in  water  ;  2.2896  g.  in  another  liquid.  Calculate  the  specific  grav- 
ities of  the  metal  and  of  the  unknown  liquid. 

34.  Find  the  specific  gravity  of  a  piece  of  glass  if  a  fragment  of 
it  weigh  2160  grains  in  air,  and  1511^  grains  in  water. 

25.  A  lump  of  ice  weighing  8  lbs.  is  fastened  to  16  lbs.  of  lead 
In  water  the  lead  alone  weighs  146  lbs.  while  the  lead  and  ice  weigh 
18.712  lbs.    Find  the  specific  gravity  of  the  ice. 

26.  A  piece  of  lead  weighing  600  g.,  weighs  545  g.  in  water  and 
557  g.  in  alcohoL  (a.)  Find  the  sp.  gr.  of  the  lead  ;  {b)  of  the 
alcohol,    (e.)  Find  the  bulk  of  the  lead. 

27.  A  person  can  just  lift  a  800  pound  stone  in  the  water ;  what 
is  his  lifting  capacity  in  the  air  (specific  gravity  of  stone  =  2.5)  ? 

In  the  next  three  examples,  the  weight  of  the  eni])ty  flask  is  not 
taken  into  account. 

28.  A  liter  fiask  holds  870  g.  of  turpentine  ;  required  the  sp.  gr. 
of  the  turpentine. 

29.  A  liter  fiask,  containing  675  g.  of  water,  on  having  its  remain. 
ing  space  filled  with  fragments  of  a  mineral,  was  found  to  weigh 
1487.5  g.;  required  the  specific  gradty  of  the  mineral. 

80.  A  liter  flask  was  four-fifths  filled  with  water  ;  the  remaining 
vpace  being  filled  with  sand  the  weight  was  found  to  be  11^50  g.; 
required  the  specific  gravity  of  the  sand. 

81.  A  weight  of  1000  grs.  will  sink  a  certain  Nicholson's  hydrom- 
eter to  a  mark  on  the  rod  carrying  a  pan.  A  ])iece  of  brass  plus  40 
grs.  will  sink^it  to  the  same  mark.  When  the  l)rass  is  Ukon  from 
the  pan  and  placed  in  the  basket,  it  requires  100  grs.  in  the  pan  to 
sink  the  hydrometer  to  the  same  mark  on  the  rod.  Find  the  specific 
gravity  of  the  brass. 

32.  A  Fahrenheit's  hydrometer,  which  weighs  2000  grs.,  requires 
1000  gra.  in  the  pan  to  sink  it  to  a  certain  depth  in  water.  It  requires 
8400  gra.  in  the  pan  to  sink  it  to  the  same  depth  in  sulphuric  acid 
Bind  the  t^edfic  gravity  of  the  acid 
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83.  A  certain  body  weighs  just  10  g.  It  is  placed  in  one  of  tht 
scale-pans  of  a  balance  together  with  a  flask  full  of  pure  watei; 
The  given  body  and  the  filled  flask  are  counterpoised  with  shot  in 
the  other  scale-pan.  The  flask  is  removed,  and  the  given  body 
placed  therein,  thus  displacing  some  of  the  water.  The  flask  being 
9till  quite  full  is  carefully  wiped  and  leturned  to  the  scale-pan, 
when  it  is  found  that  there  is  not  equilibrium.  To  restore  ih* 
equilibrium,  it  is  necessary  to  place  2.5  g.  with  the  flask.  Find  the 
specific  gravity  of  the  given  body. 

34.  The  volume  of  the  earth  is  1,082,842,000,000,000  cu.  Km. 
Calculate  its  weight  on  the  supposition  that  its  average  density  is 
5.6604. 

35.  A  bottle  holds  2545  mg.  of  alcohol  (sp.  gr.  =  0.8095) ;  42740 
mg.  of  mercury ;  5829  mg.  of  sulphuric  acid.  Calculate  the  specific 
gravities  of  the  mercury  and  of  the  acid. 

36.  A  piece  of  cork  weighing  2.3  g.  was  attached  to  a  piece  of 
iron  weigliing  38.9  g.,  both  were  found  to  weigh  in  water  26.2  g.,  the 
iron  alone  weighing  33.9  g.  in  water.  Required  the  specific  gravity 
of  the  cork. 

87.  A  piece  of  wood  weighing  300  grs.  has  tied  to  it  a  piece  of 
iead  weighing  600  grs.;  weighed  together  in  water  they  weigh  472.6 
jrs.  The  specific  gravity  of  lead  being  11.35,  (a)  what  does  the  lead 
weigh  in  water ;  {&)  what  is  the  specific  gravity  of  the  wood  ? 

38.  Calculate  the  specific  gravity  of  a  mineral  water  from  the 
following  data: 

Weight  of  a  bottle  empty 141256  g. 

filled  with  distilled  water.  .111.1370  g. 
mineral      "    ..  111.7050 g. 


*€  C« 
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89.  A  Fahrenheit's  hydrometer  weighs  618  grs.  It  requires  93  gra, 
in  the  pan  to  sink  it  to  a  certain  mark  on  the  stem.  When  wiped 
dry  and  placed  in  olive  oil  it  requires  only  31  grs.  to  sink  it  to  tho 
same  mark.    Find  the  specific  gravity  of  the  oil. 

40.  A  platinum  ball  weighs  330  g.  in  air,  315  g.  in  water  and  303  g. 
in  sulphuric  acid.  Find  the  specific  gravities  (a)  of  the  ball ;  (b)  of 
the  acid,    (c.)  What  is  the  volume  of  the  ball  ? 

41.  A  hollow  ball  of  iron  weighs  1  Kg.  What  must  be  its  least 
volume  to  float  on  water  ? 

42.  A  piece  of  cork  weighing  30  g.  in  air,  was  attached  to  10  cu. 
cm.  of  lead.  Loss  of  both  in  water  ==  159  g.  Required  the  spedfio 
gravity  of  the  cork. 

43.  A  body  whose  specific  gravity  =  2.8,  weighs  37  g.  Bequired 
its  weight  in  water. 
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44  What  would  a  cubic  foot  of  coal  (sp.  gr.  =  3.4)  weSgli  in  • 
solution  of  potash  (sp.  gr.  =  1,2)  ? 

45.  A  platinum  ball  (sp.  gr.  =  22)  weighing  800  g.  in  air  will 
weigh  how  much  in  mercury  (sp.  gr.  =  18.6)  t 

46.  5(X)  cu.  cm.  of  iron,  specific  gravity  7.8,  floats  on  mercury ; 
with  what  force  is  it  buoyed  up  ? 

47.  An  areometer  weighing  600  grs.  sinks  in  water  displacing  a 
volume  r=  v ;  in  a  certain  acid,  displacing  a  Tolmne  r=  ^^'o;  find 
the  specific  gravity  of  the  acid. 

Recapitulation. — ^In  this  section  "we  have  considered 
the  Deflnition  of  Specific  Gravity ;  the  Stan- 
dards agreed  upon ;  the  T\vo  Elements  in  specific 
gravity  problems;  the  Rule  for  finding  the  8p.gr.  o( 
Solids  heavier  than  Water ;  the  same  for  Solids 
lighter  than  Water ;  the  same  for  Liquids ;  the 
same  for  Gases ;  the  construction  and  methods  of 
using  Hydrometers ;  Tables  of  specifio  gmvitio^ 
and  some  of  the  uses  that  may  be  made  of  them. 


.^^SeCTION    IV. 

HYDROKI  NETICS. 

364.  Velocity  of   Spoutingr   lilquids.— If  af 

vessel  having  apertures  in  the  side,  similar  to  the  one 
represented  in  Pig.  86,  be  filled  with  water,  the  liquid  will 
escape  from  each  of  the  apertures,  but  with  different  veloo^ 
ities.  Were  it  not  for  the  resistance  of  the  air,  friction, 
and  the  effect  of  the  falling  particles,  the  water  issuing  at 
F  would  ascend  to  the  level  of  the  water  in  the  vessel ; 
t.  e.,  the  initial  velocity  of  the  water  at  V  would  carry  ii 
through  the  vertical  distance  T7*,    But  when  equal  verti 
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Fro.  8b. 
JUiteTioea  arepBaaedoTer.themituilT«looii7ofiuiu 
ng  body  is  the  same  as  the  floal  Telocity  of  a  fiJling  bod;. 
{%  133.)  Uencc,  the  velocity  of  the  water  as  it  issues  st  V  il 
the  B»ne  that  it  would  acquiro  In  &ee1y  falling  the  vertical 
distance  h  V.  This  velocity  is  caased  by  lateral  pressura 
This  lateral  pressure  will  be  the  same  at  P,  which  is  at  the 
ume  distance  below  the  level  of  the  liquid.  Therefore,  th< 
velocity  at  P  will  eqnal  the  velocity  at  F.  Hence  t3ie  fol- 
loTin jE  law :  Tha  vdocUy  of  a  stream  fAnuin^  from 
an  orifice  is  the  same  as  that  acquired  hy  a  body 
freely  faUinJ  from  a  Tiei^ht  equal  to  the  head  of 
the  liquid. 

(a.)  The  KmA  Is  the  vertical  dlstuice  from  the  centre  of  tht 
Oiifioe  to  the  enrfacc  of  the  liqnld. 
(b.>  with  what  Te1ocit7  will  water  iBsne  from  tm  orifice  144. 7S  t 
Mowtbeinrfoce  of  theliquidT 

8  =  iffC  (§  1S8  [3].) 

M4.73  =  IfiOW'        .-.  9  =  *'. 
%  =  t 
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.)  In  the  flohitlon  above  we  were  oMlged  to  find  i\w.  numIxT  of 

lodstbat  wonld  be  required  for  a  body  to  fu]]  a  distune v  (tjuul 

die  head,  before  we  could  uae  the  fonuula  fur  thr  v«]<K'it}'.    It  is 

iiiible,  if  ponible,  to  shorten  this  circuitous  proct*8s  from  two 

^  to  onaw    This  we  may  do  as  follows :     _ 

^V*-*«t  tids  valva  of  I  in  the  formula,  «  =  ^ 

But  h  (flm  huA)  =  &  Sabetituting  this  value  of  S  in  tlit*  hint 
eqaation,  we  haye^  for  Ihe  velodty  of  streams  issuing  from  orifices, 
ihe following  formula: 

The  valne  of  g  being  taken  in  feet,  h  and  v  must  represent  feet 
also. 

(dJ)  With  what  velocity  will  water  issue  from  an  orifico  under  a 
bflid  of  144.72  feet  t 

e  a  a03  ^144.78  =  aO0  x  13.03  »  06.48,  the  number  of  fe<it. 

255.  Orifice  of  Greatest  Range.— The  path  of 
a  stream  spouting  in  any  other  than  a  vorticul  diivction  in 
the  curve  called  a  parabola  (§  135).  The  range  of  such  a 
stream  will  be  the  greatest  when  it  issues  from  an  orifice 
midway  between  the  surface  of  the  liquid  and  the  level  of 
the  place  where  the  stream  strikes.  Streams  flowing  from 
orifices  equidistant  above  and  below  this  orifice  of  greatest 
range  will  have  equal  ranges-  (See  Fig.  80.)  Tlie  range, 
.'n  any  such  case,  may  be  calculated  by  the  laws  of  pro 
jectile& 

(a.)  GHven  an  aperture  four  feet  below  the  surface  and  20  ft. 
ijbofwe  the  point  where  the  water  strikes,  to  find  tlio  rango  of  the 

•  =  a03  ^/h  =  8.02x2  =  16.04  ft.  per  second. 
80  =  16,08<«       .•.    I  ^  1.11  +  sec 

Bng9  s  ie.04  a  x  i.ii  =  17.8044  ft 
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256.  Volume  Discharged  underaConsI 
Head. — To  find  the  volume  discharged  in  a  given] 
time  under  a  constant  head,  multiply  the  area  of 
the  orifice  by  the  velocity,  and  this  product  by  the 
fturriber  of  seconds. 

{a,)  Suppose  that  as  soon  as  the  water  escapes  it  freezes  and  n> 
.'ains  the  form  and  size  given  it  hy  the  aperture.  It  will  then  bk 
evident  that  the  water  escaping  in  one  second  will  form  a  piism 
whose  section  will  be  the  area  of  the  orifice  and  whose  length  will  be 
the  same  as  the  velocity  of  the  jet  The  product  of  these  dimensioDS 
will  give  the  volume  of  the  imaginary  prism,  one  of  which  is  formed 
every  second.  Care  must  be  had  that  the  velocity  and  the  dimen- 
sious  of  the  orifice  are  of  the  same  denomination.  The  iheoretied 
result  computed  as  above  directed,  will  exceed  the  amount  actnaUy 
discharged.    Why  ?   (See  Appendix  E.) 

257.  The  Flow  of  Liquids  through  Hori- 
zontal   Pipes. — ^When  liquids  from  a  reservoir  are 

made  to  flow  through  pipes  of  considerable  length,  -Che 
discharge  is  far  less  than  that  due  to  the  head, 
This  is  chiefly  owing  to  the  friction  of  the  liquid  particles 
j^ainst  the  sides  of  the  pipe.  A  horizontal  inch-pipe  200 
feet  long  will  not  discharge  much,  if  any,  more  than  a 
quarter  as  much  water  as  a  very  short  pipe  of  the  same 
lize,  the  head  being  the  same.  Frequent  and  abrupt 
bends  in  the  pipe  retard  the  flow,  and  must  be  provided  for 
by  an  increase  in  the  size  of  the  pipe,  or  an  increase  of 
pressure. 

258.  The  Flow  of  Rivers.— The  friction  of  a 
stream  against  its  solid  bed  fortunately  retards  the  velocity 
of  the  water.  Otherwise  the  velocity  of  the  current  at 
the  mouth  of  a  river,  whose  head  is  elevated  1000  feet 
above  its  mouth,  would  be  about  170  miles  per  hour. 
Buch  a  current  would  be  disastrous  beyond  description^ 
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The  ordfauuy  river  coTrent  U  from  three  to 
hour. 

259.  The  Flow  of 
Liquids  tfarong^h  Verti- 
cat  Pipes.— liqnidB  flowing 
freely  throogh  vertical  pipes 
tJcert  no  lateral  pressure. 
The  liquid  will  not  wholly 
fill  the  tube,  bnt  will  be  but- 
ronnded  by  a  thin  film  of  air. 
These  tSjt  particles  will  be 
dragged  down  by  the  adhe- 
Bion  of  the  &lling  liquid. 

(a.)  IfaBiaal]tube,t,beiiiBertod 
DMT  tb«  top  of  the  vertical  pipe  & 
current  of  air  will  be  forced, 
throagh  It  and  down  the  pipe. 
ThiB  lur  corient  ma.j  be  utilized 
for  blow-pipe  and  other  purpnees. 
With  a  loDg  diBchai^  pipe,  the 
force  with  which  the  air  a  diawD 
throagh  t  may  be  used  to  rranove 
the  air  from  a  veeeel,  R.  The  ap- 
paratus then  becomes  a  SprengeVs  or 


miles  pe( 


Bunseo's air-piirap.  (g§2B0,891, 


360.  Water-Power. — Wat«r  may  be  used  to  turn  a 
wheel  and  thus  move  machinery  by  its  weight,  the  force 
of  the  current,  or  both.  The  wheels  thus  turned  are  of 
different  kinds;  the  availability  of  any  one  being  deter- 
mined by  the  nature  of  the  water  supply  and  the  work  to 
be  done. 

(a.)  The  water  snpplj  depends  upon  rains  ;  rains  depend  upon 
evaporation ;  evtporatlon  is  produced  by  solar  heat.  The  energy  of 
water-power  Is  thus  traced  to  ^lie  auu  as  its  source. 


160 


BTDSOSINETICS. 


361.  The    Overshot   Wheel.— In   the  oTerebot  I 

wheel,  the  water  falls  into  bucketa  at  the  top  and,  by  its  I 
:  weight,  aided  by  I 
i  the  force  i 
--ig  current,  turns  the 

wheel.  As 
C^J^  buckets  are  grad- 
■r"-,.  ually  inverted,  the 
'\.\  water  is  emptied 
.  and  the  load  thm 
^  removed  frora  the 
'  other  side  of  the 
wheel.  Such 
wheels  reqnire 
only  little  water  but  a  considerable  fall.  It  is  said  that  they 
have  been  made  nearly  100  feet  in  diameter.  The  water 
is  led  to  the  top  of  the  wheel  by  a  sluice,  v  s. 

363.  The  Breast  Wheel.— In  the  breaflt  wheel, 
the  water  acts  upon  float  boards  fixed  perpondicnlar  to  the 
eircumfereiieo.  The  stream  being  received  at  or  near  the 
level  oi  the  mis,  bntb  tlip  weight 
of  the  water  and  the  forcii 
the  current  may 
bo  turned  to 
account. 


Fig.  8g. 

363.  The  Undershot  Wheel.— In  the  under- 
shot wheel,  the  stream  strikes,  near  the  bottom  of  the 
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wheel,  flgumt  a  few  float  boards,  which  are  more  or  len 
submerged, 
and  thus  aots 
_  by  the  force  of 
the  current. 

Note. — In  point 
of  efflcienc^,  theoe 
wheelsT&nk  inths 
orderabove  ^ vsa . 
utilisliig  Irotu  80 
no.  90, 
tlie  total 

364.    Tbe 
tlon    WheeL  —  The 

reactioD  wheel  is  veil 
illustrated  by  Barker'a 
Hill,  represented  in  Fig. 
91.  It  consiBta  essential* 
ly  of  a  Tortic^  tabe  ocm- 
oecting  with  horizontal 
tnbnlar  anna  at  the  bot- 
tom. The  ends  of  these 
arms  are  bent  in  the 
same  direction,  and  are 
open  at  their  ends.  The 
apparatus  is  snpported 
on  a  pirot  so  as  to  move 
freel/.  Water  is  poured 
into  the  upper  end  of  the 
vertical  cylinder,  and  e&- 
•apes  through  the  open- 
ia^%  a  and  h,  at  the 
bent  ends  of  the  arms. 


Fig.  91. 
The  wheel  rcTolves  io  a  directioa 
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opposite  to  that  of  the  water  gets.    The  principle  involvei^  V; 
was  explained  in  §  330.     (See  Appendix  F.)  '\z 

265.  The  Turbine  Wheel*— The  tnrbine  wheel,  ol  - 

which  there  are  many  varieties,  is  the  moat  effective  wabei^ 
wheel  yet  known,  utilizing,  in  some  cases,  85  per  ceit.  of 
(the  total  energy  of  the  stream. 


{a.)  Fig.  03  repiesents  one  fonn  in  perspective  and  In  horizontal 
Bection  through  the  centre  of  the  wheel  and  case  complete.  The 
wheel  B  and  the  enclosing  case  B  are  placed  on  the  floor  of  e.  pen- 
Slock  wholly  submerged  in  water,  under  the  preBsnre  of  a  consid- 
erable head.  The  water  enters,  as  shown  by  the  arrows,  throogh 
openings  in  D,  which  are  ho  constructed  that  it  stilkes  the  buckets 
of  £  in  the  direction  of  greatest  efflciencf.  After  leaving  the 
buckets,  the  "dead-water"  escapes  from  the  centra!  part  of  the 
wheel,  sometimes  by  a  vertical  draft  tube,  best  made  of  boiler-Iron. 
The  weight  of  the  water  in  this  tube  increases  the  velocity  with 
which  the  water  strikes  the  buckets.  A  central  shaft,  A.  is  carried 
by  the  wheel  and  communicates  Its  motion  to  the  machinery  above. 
Tlie  wheel  itself  rests  upon  a  central  pivot  carried  by  croBS-arma 
from  the  bottom  of  the  outer  case.  The  case  B  is  covered  with  c 
top  T,  which  protects  the  wheel  from  the  vertical  pressure  of  the 
water.  The  axis  of  the  wheel  passes  through  the  centre  of  this 
cover.  The  openings  by  which  the  water  passes  to  the  wbee)  are 
cnllod  chntee.     Sometimes  a  cylindrical  collar,  C,  is  plB«ed  betweea 
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lewheel  B  and  the  oatercueD.  This  odnar»  eaOed  a  regi8t«»i 
gite»  may  be  tnmed  aboat  its  axis  by  tbe  action  of  a  pinion.  P, 
apon  teeth  placed  npon  the  circumference  of  C.  By  means  of  tli«* 
R^ter  gate,  the  size  of  the  cbnte  may  he  reduced  and  the  amount 
of  water  used  thus  diminished.  The  water  passages,  to  and  fnmi 
the  wheel,  should  be  of  such  a  sixe  that  the  velocity  of  the  water 
ronning  through  them  shall  not  exceed  one  and  a  half  feet  per 

woond. 

266.  liateral  Pressure  of  Running  Water. 

-If  water  coald  flow  tbiongh  a  pipe  unimpeded  (r  =  8.0*^ 
V7/)^  there  wonld  be  no  lateral  pressure.  Bat  as  tbe 
velocity  is  lessened  by  friction  and  other  causes,  this  lateral 
pressure  begins  to  be  felt;  when  the  velocity  is  destroyed, 
lateral  pressure  has  its  full  force  again.  Thus,  a  pii)c  is 
less  likely  to  burst  when  carrying  running  water  tban  wlieq 
filled  with  water  at  rest 

367.  Bnrstlngr  Pressure.— If  a  current  of  water 
flowing  in  a  pipe  be  suddenly  stopped,  much  of  its  mo. 
mentum  will  be  changed  to  lateral  or  bursting  pressura 
This  takes  place  whenever  the  faucet  of  a  water-pipe  is 
suddenly  closed.  Plumbers  frequently  leave  the  ends  of 
such  pipes  in  a  vertical  position  so  that  a  quantity  t^f  uir 
may  be  confined  between  the  closed  end  of  the  pipe  and 
the  water  below.  This  air  by  its  elasticity  acts  as  a  pad  or 
cushion,  thus  lessening  the  suddennc^^s  of  the  s^hock  and 
preventing  accidents. 

(a)  This  principle  is  practicallj  applied  in  the  "  hydraulic  ram," 
%  contrivifciice  by  which  the  impalse  of  running  water  when  8ud- 
denlj  checked  may  be  used  to  raise  a  part  of  the  water  thrrju^h  a 
vertical  distance  greater  than  the  head. 

Exercises. 

1.  A  stream  of  water  issues  from  an  orifice  at  the  1)ottom  of  a 
fessel  containing  water  109  feet  deep.  Give  the  velocity  of  the 
stream? 
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2.  How  mach  water  issues  in  one  hour  from  the  orifice  in  the 
bottom  of  a  vessel  in  which  the  water  always  stands  12  feet  high, 
the  orifice  being  ^^^  of  a  square  inch  ? 

3.  How  much  water  per  hour  will  l>e  delivered  from  an  orifice  of 
d  inches  area,  25  feet  below  the  surface  of  a  tank  kept  full,  no 
allowance  being  made  for  friction,  etc.  ? 

4.  From  an  orifice,  water  spouts  with  a  velocity  of  96.24  feet. 
What  is  the  head?  Arts.  144  ft. 

5.  An  orifice  is  16.08  feet  above  a  horizontal  floor.  Water  spoats 
to  the  distance  of  80.2  feet.     Required  the  head. 

6.  Determine  the  formula  for  the  velocity  of  spouting  liquids, 
using  meters  instead  of  feet.  Ana,  tj  =  4.427  Vh. 

7.  A  stream  of  water  issues  from  an  orifice  under  a  head  of  25 
Meters.     Find  the  velocity  of  the  stream. 

8.  How  many  liters  of  water  will  flow  through  an  opening  of  10 
;:q.  cm.  in  20  seconds,  the  head  being  kept  at  36  m.  ?     Ans,  531.24 1. 

9.  How  long  will  it  take  for  442,700  cu.  cm.  of  water  to  escape 
through  a  hole  1  centimeter  square  and  100  meters  below  the  sur£EU» 
of  the  liquid  ? 

10.  How  long  will  it  take  to  empty  a  tank  having  a  base  3  m.  by 
4  m.  the  water  being  5  m.  deep,  by  means  of  a  sq.  cm.  hole  in  its 
bottom? 

Recapitulation. — In  this  section  we  have  considered 
the  Velocity  of  spouting  liquids ;  the  orifice  of  Great- 
est Range  ;  the  method  of  computing  the  Volume 
discharged  by  an  orifice  when  the  Head  is  con- 
stant ;  the  flow  of  liquids  through  Pipes  and  Rivers ; 
the  uses  of  V/ater-pcwer ;  the  five  kinds  of  Water- 
wheels;  the  Lateral  Pressure  of  running  water; 
the  Bursting  Pressure  when  the  current  is  suddenly 
Btopped. 

Review  Questions  and  Exercises. 

1.  (a.)  Define  Physics.  (&.)  Define  and  illustrate  four  nniYersal 
properties  of  matter. 

2.  {a.)  What  is  the  difference  between  momentum  and  energy? 
(&.)  Find  the  momentum  and  (c.)  kinetic  energy  of  a  15  lb.  ball 
moving  fifty  feet  per  second. 
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8.  {a. )  Give  the  third  law  of  motion  and  illustrate  it.  (&.)  Oire 
the  law  of  reflected  motion. 

4.  (a.)  What  would  a  1470  Ih.  hall  weigh  at  10,000  miles  ahoTO 
the  earth  t    (b.)  Give  the  law  that  you  use. 

5.  (a.)  How  far  will  a  hody  fall  during  the  fourth  second?  (ft.) 
How  far  in  four  seconds  ?    (c.)  What  will  he  its  final  velocity  ? 

6.  The  crank  of  an  endless  screw  whose  threads  are  an  inch  apaHj 
descrihes  a  circuit  of  72  inches.  The  screw  acts  on  the  toothedt 
edge  of  a  wheel  whose  circumference  is  90  inches  and  that  of  its  axle 
12  inches.  On  the  axle  is  wound  a  cord  which  acts  on  a  set  of  pul- 
leys  three  in  each  hlock,  the  force  of  which  pulleys  is  exerted  on 
the  wheel  of  a  wheel  and  axle,  the  wheel  heing  4  feet  and  the  axle 
8  inches  in  diameter.  What  weight  on  the  axle  will  he  lifted  hy  a 
power  of  30  Ihs.  at  the  crank,  allowing  for  a  loss  of  one-third  hy 
friction? 

7.  (a.)  What  is  the  length  of  a  pendulum  making  25  vibrations  a 
minute  ?  (&.)  How  many  vibrations  are  made  per  minute  by  a  pen- 
dulum 25  inches  long? 

8.  (a.)  What  is  a  horse-power?  (6.)  A  unit  of  work?  (c.)Ifatw« 
iiorse-x>ower  engine  can  just  throw  1056  lbs.  of  water  to  the  top  of  a 
steeple  in  2  minutes,  what  is  the  height  of  the  steeple  ? 

9.  (a.)  What  are  the  laws  of  machines?  (b.)  The  facts  concerning 
friction?  (c.)  What  is  a  lever?  {d.)  Figure  a  lever  of  each  kind. 
In  a  lever  of  the  second  kind  the  power  is  ^,  the  weight  is  40^,  the 
distance  of  the  power  from  the  weight  is  18  in  (e.)  What  is  the 
length  of  the  lever  f    (/.)  What  the  length  of  the  short  arm  ? 

10.  If  the  diameters  of  the  wheel  and  of  the  axle  of  a  wheel  and 
axle  are  respectively  60  in.  and  6  in.,  and  the  power  is  150  lbs.,  what 
weight  will  be  sustained  ? 

11.  (a.)  Draw  a  system  of  3  fixed  and  2  movable  pulleys,  (p.)  If 
the  power  be  90  and  the  friction  one-third,  what  weight  can  be 
raised? 

12.  (a.)  A  weight  of  12  pounds,  hanging  from  one  end  of  a  five 
foot  lever  considered  as  having  no  weight,  balances  a  weight  of  8 
pounds  at  the  other  end.  Find  how  far  the  fulcrum  ought  to  be 
moved  for  the  weights  to  balance  when  each  is  increased  by  two 
pounds.     (6.)  Give  the  law  for  the  screw  ? 

13.  A  capstan,  14  inches  in  diameter,  has  four  levers  each  7  feet 
long.  At  the  end  of  each  lever  a  man  is  pushing  with  a  force  of 
42  pounds.  What  is  the  efiect  produced,  one-fourth  of  the  energy 
expended  being  lost  by  friction  ? 


PNEUMATICS'. 

j^Section  I. 

THE  ATMOSPHERE  AND  ATMOSPHERIC  PRESSURE. 

368.  Wliat  is  Pneumatics  ? — FneumaUcs  it 
thai  branch  of  Physics  which  treats  of  aeriform 
1>odies,  their  mechanical  properties,  and  the  ma- 
chines  by  which  they  are  used. 

369.  Tension  of  Gases.— Sow/ever  small  thei? 
quantity,  gases  always  fill  the  vessels  in  which  they 

are  held.  If  a  bladder  or  India  rub- 
ber bag,  partly  filled  with  air,  and 
having  the  opening  well  closed,  be 
placed  under  the  receiver  of  an  air- 
pump,  the  bladder  or  bag  will  be  fnlly 
diatfinded,  as  shown  in  the  figure, 
when  the  air  surrounding  the  bladde" 
is  pumped  out.  The  flexible  walU 
are  pushed  out  by  the  impact  of  the 
movi!.fl;  moleculea  confined  within.     {See  §  62.) 

370.  The  Type. — As  water  was,  for  obvioiiB  reasoDB, 
taken  aa  the  type  of  liquids,  so  atmospheric  air  wW,  be 


Fig.  g3. 
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ielcen  as   the  type  of  aeriform  bodies.    Whatever 
mechanical  properties  are  shown  as  belonging  to  air  may 
:  k  understood  as  belonging  to  all  gases. 

271.  The  Aerial  Ocean.— Air  is  chiefly  a  mixture 
of  two  gaseS;  oxygen  and  nitrogen,  in  the  proportions  of 

line  to  four  by  volume.  It  is  believed  that  the  atmosphere 
fit  its  upper  limit  presents  a  definite  surface  like  that  of 
the  sea ;  that  disturbing  causes  produce  waves  there  just  as 
they  do  on  the  sea,  but  that,  by  reason  of  greater  mobility 
and  other  causes,  the  waves  on  the  surface  of  this  atrial 
ocean  are  much  larger  than  any  ever  seen  on  the  surface 
of  the  liquid  ocean.  The  depth  of  this  a(3rial  ocean  has 
been  variously  estimated  at  from  fifty  to  two  hundred  miles. 

272.  Weight  of  Air. — Being  a  form  of  matter,  air 
has  weight.    This  may  be  shown  by  experiment.    A  hol- 
low globe  of  glass  or  metal,  having  a  capacity  of  several 
Kters  and  provided  with  a  stop-cock,  is  carefully  weighed 
on  a  delicate  balance.    The  air  is  then  removed  from  th« 
globe  by  an  air-pump,  the  stop-cock  closed,  and  the  empt; 
globe  weighed  carefully.    The  second  weight  will  be  les« 
than  the  first,  the  diflFerence  between  the  two  being  the 
weight  of  the  air  removed.    Under  ordinary  cooditions  a 
cnbic  inch  of  air  weighs  about  0.31  grains  ;   a  litei  of  ail 
weighs  about  1.293  ^.,  being  thus  about  -^  as  heavy  aK 
water.    (See  Appendix  G.) 

273.  Atmospheric  Pressure.— Having  weight, 
such  a  quantity  of  air  must  exert  a  great  pressure  upon 
khe  surface  of  the  earth  and  all  bodies  found  there.  This 
atmospheric  pressure  necessarily  decreases  as  we  ascend 
from  the  earth's  surface.  For  any  surface,  at  any  ele- 
kation,  the  upward,  downward,  or  lateral  pressure  may  be 
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eompntod  in  the  same  way  as  for  liqnidH  (gg  326,  326  and 
231).  Owing  to  the  great  compresaibility  of  aeriform 
bodies,  the  lower  layers  of  the  atmosphere  are  moch  moiQ 
dense  than  the  upper  ones,  but  density  aad  preBsnre  alike 
are  constant  in  value  throughout  any  horizontal  layer. 
The  weight  of  a  column  of  air  one  inch  Bquare  extending^ 
Irom  the  sea-level  to  th^  upper  limit  ot  the  atmosphere  is 
About  fifteeu  pounds;  a  similar  column,  a  cm.  square, 
weighs  about  1  Kg.  AVe  express  this  by  saying  that  the 
atnwspherie  pressura  at  the  sea-lev^  is  fifteen 
pounds  to  the  square  inch,  or  1  Kg.  to  the  sq.  cm. 
Several  illustrations  of  atmospheric  pressure  will  be  given 
after  we  Iiave  considered  the  air-pump. 

374.  Torricelli's  Experiment.— The  Intmot;  d 
this  pressure  may  he  measured  as  fol- 
lows:— Take  a  glass  tube  a  yard  long, 
about  a  quai-ter  of  an  itch  in  internal 
diameter.  Close  one  end  and  fill  the 
tube  with  mercury.  Cover  the  other 
end  with  the  thumb  or  finger  and  iu> 
vert  the  tube,  placing  the  open  end 
in  a  bath  of  mercury.  Upon  removing 
the  thumb,  the  mercury  will  sink, 
oscillate,  and  finally  come  to  rest  at 
a  height  of  about  30  inches,  or  760 
mm.,  above  the  level  of  the  mercury 
iu  the  bath.  This  historical  experi- 
ment was  first  performed  in  1643, 

by  Torricelli,  a  pupil  of   Galileo. 

The  apparatus  used,  when  properly  ^W? 
gmdaated,  becomes  a  barometer.  Fic  94. 
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275.  What  Supports  the  Mercury  Column  ? 

—To  answer  this  very  important  qnestion,  consider  the 
horizontal  layer  of  mercnry  molecules  in  the  tuhe  at  the 
level  of  the  liquid  in  the  bath.  Under  ordinary  circum« 
BtanoeSy  they  would  hold  their  position  by  virtue  of  the 
tendency  of  liquids  to  seek  their  leveL  But  in  this  case, 
they  hold  it  against  the  downward  pressure  caused  by  the 
weight  of  the  mercury  column  aboye^  which  is  equivalent 
to  fifteen  pounds  to  the  square  inch.  Being  in  a  condi« 
tion  of  equilibrium,  they  must  be  acted  upon  by  an  upward 
pressure  of  fifteen  pounds  to  the  square  inch.  It  is  evident 
that  the  pressure  of  the  mercury  in  the  bath  is  not  able  to 
do  this  work,  its  powers  being  fully  tasked  in  supporting 
the  mercury  in  the  tube  up  to  the  level  of  the  particular 
molecules  now  under  consideration.  This  upward  pres* 
sure  then  must  be  due  to  some  force  acting  upon  the  sur« 
bee  of  the  mercury,  and  transmitted  undiminished  by  that 
fiquid*  The  only  force,  thus  acting,  is  atmospheric 
pressure,  which  is  thus  measured.  The  original  column 
of  thirty-fiix  inches  fell  because  its  weight  was  greater 
than  the  opposing  force.  As  it  fell^  its  weight  diminished, 
continuing  to  do  so  until  an  equality  of  opposing  forces 
pcoduc'ed  equilibrium.    (See  Appendix  H.) 

276*  Pascal's  Experiments. — Pascal  confirmed 
Torrioelli's  conclusions  by  varying  the  conditions.  He 
had  the  experiment  repeated  on  the  top  of  a  mountain  and 
found  that  the  mercury  column  was  thi'ee  inches  shorter, 
showing  that  as  the  weight  of  the  atmospheric  column 
diminishes,  the  supported  column  of  mercury  also  dimin- 
ishes. He  then  took  a  tube  forty  feet  long,  closed  at  one 
end.    Having  filled  it  with  water,  he  inverted  it  ov  ~ 
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water  bath.  77ie  water  in  the  tube  came  to  rest  at  j 
a  height  of  34  A«*-  The  water  colnmn  was  13.6 
aa  high  as  the  mercury  column,  but  as  the  specific  gravity  '\ 
of  mercury  is  13.6,  the  weights  of  the  two  columns  were 
equal.  ExperimentB  with  still  other  liquids  gave  corres* 
ponding  results,  all  of  which  strengthened  the  theory  thai 
the  supporting  force  is  due  to  the  weight  of  the  atmos- 
phere, and  left  no  doubt  as  to  its  correctness. 

277.  Pressure  Measured  in  Atmospheres.— 

A  gas  or  liquid  which  exerts  a  force  of  fifteen  pounds  upou 
a  square  inch  of  the  restraining  surface  is  said  to  exert  a 
pressure  of  one  atmosphere.  A  pressure  of  60  pounds  to 
the  square  inch,  or  4  Kg.  to  the  sq.  cm.,  would 
be  called  a  pressure  of  four  atmospheres. 

378.  The  Accuracy  of  a  Barom- 
eter.— The  accompanying  figure  represents 
the  simplest  form  of  the  barometer.  The  in- 
strument's accuracy  depends  upon  the  purity 
of  the  mercury,  the  accuracy  of  measuring  the 
vertical  distance  from  the  level  of  the  liquid 
in  the  cistern  to  that  in  the  tube,  and  the 
freedom  of  the  space  at  the  top  of  the  tube 
from  air  and  moisture.  In  delicate  observa- 
tions allowance  must  be  made  for  differences 
of  temperature.  In  technical  language, 
"The  barometric  reading  is  corrected  for 
tsmperature." 

379.  The  Utility  of  a  Barometer.  ^ 

—This  instrument's  efficiency  depends  upou 

the  fact  that  variations  in  atmospheric  pres'       Fig.  95. 
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Hire  produce  corresponding  rarutions  iu  the  height  of  the 
barometer  column.  It  is  used  to  determine  the  height  ol 
places  above  the  Bea-Ievel,  foretell  storms,  etc.  Wlicn,  at  a 
giTBQ  place,  the  "  baromet<>r  Ealls,"  a  Btorm  is  generally 
looked  for.  SometimeB  the  stona  does  not  come,  uud 
fiiith  in  the  accaracy  of  the  instrument  is  shaken.  But,  iu 
bet,  the  barometer  did  not  announce  a  coming  storm ;  ib 
did  proclaim,  a  diminuiion  of  atmospheric  pres- 
tare  from  8om,e  cause  or  other.  Its  declarations  are 
perfectly  reliable;  inferences  from  those  declarations  are 
sabject  to  posdble  error. 

280.  The  Aneroid  Barometer.— Thle  inBtrument  couBlsia 

of  a  cylindrical  box  of  metal  ntth  a  top 

of  thin,  elastic,  corrugated  metal.   Thtf 

air  is  removed  Trom  the  bos.    The  top 

te  pressed    iaward  by  an    increased 

atmospheric  pressure ;  whenever  tlte 

atmospheric  pressure  dimiuislies,  it  is 

pressed  outward  by  its  own  elustii-ity 

uded    bj   B,   spring  beneath.     Theus 

TOmenta  of  tha  cover  are  transmitted 

I   multiplied  by  a  combination   of 

j  delicate  levera.    These  levers  act  uihiq 

1  index  which  is  thus  made  to  move 

?er  a  gradnated  scale.     Such  buronic- 

ters  are  much  more   easily  portable 

than  the  mere  a  lial  instruments.   They 

ard  made  so  delicate  that  the;  show 

Fig.  96.  a  difference  in  atmospheric   pressure 

when   transferred   from  an  ordinary 

toble  to  the  floor.    Thrfr  very  delicacy  involves  the  necessity  for  care- 

fol  usage  or  freqnent  repairs. 

381.  The  Baroscope.— Air,  haying  weight,  has 
buoyant  power.  The  Principle  of  Archimedes  (§  238) 
applies  to  gases  as  well  as  to  liquids.  From  this  it  follows 
that  the  weight  of  a  body  in  air  ie  not  its  true  weight,  but 
that  it  is  less  than  its  true  weight  by  exactly  the  weight  oi 
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the  ajr  it  dieplaoes.    This  priaciple  ia  illuatrated  b;  tlri 
baroscope,   which    consista  of 
a  scale-beam  supportiag  two 
bodies  of  very  tmeqnal  size  (as 
a   hollow   globe    and   a   lead 
ball),  which  balance  one  an- 
other in  the  air.     If  the  appa- 
ratne  thus  balanced  in  the  air 
be  placed  under  the  receiver 
of  an  air-pnmp,  and  the  air 
exhanated,  the  globe  will  de-  ] 
Boend,    thus    Bceming    to     be  e 
heavier    than    the    lead    ball  j/y;,,,,. 
which  previously  balanced  it.  ! 
Is  the  globe  actually  heavier 
than  the  lead,  or  not? 


Fia.  97 


the  BDiface  of  wbow 
the  pressnie 


BSERCISEEL 


1.  Give  the  pteeenre  of  the  air  apon 
bod;  Is  14}  square  feet. 

S.  A  Boap-bubble  has  a  diameter  of  4  iLchee  ; 
of  the  air  apon  it.     (See  Appendix  A). 

3.  What  is  the  weight  of  the  air  In  a  room  30  b;  2fl  bf  10  feetl 

1,  What  will  be  the  total  pressare  of  the  atmosphere  on  a  deci- 
meter cube  of  wood  when  the  barometer  staada  760  mm.  ? 

5.  How  much  weight  does  a  cabic  foot  of  wood  lose  when  weighed 

8.  {a.)  What  is  the  pressure  on  the  upper  surface  of  a  Saratogt 
crank  S|  bj  yj^  feet  t  (b.)  How  happens  it  that  the  owner  can  open 
the  trunk! 

7,  When  the  barometer  stands  at  760  mm.  what  Is  the  atmoj 
pheiic  preesure  per  sq.  cm.  of  surface?  Am.    1088.6  g. 

JTofe. — In  round  nnmbers,  atmospheric  pressure  at  the  Be»-lt)vd 
ki  called  10  Ibi.  to  the  a^  In.,  or  1  kilogram  to  the  iq.  cm. 
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&  A  oertaln  loom  is  10  m.  long,  8  m.  wide  and  4  m.  higli.    (a,\ 
ffhaX  weight  of  air  does  it  contain  ?   (&.)  What  is  the  pressure  npo* 

its  floor?    (e,)  Upon  its  ceiling?    (d.)  Upon  each  end?    («.)  Upof 

(ich  side?    (/.)  What  is  the  total  pressure  upon  the  six  surfaces! 

\g.)  Whj  is  not  the  room  torn  to  pieces  ? 
9L  An  empty  toy  balloon  weighs  5  g.     When  filled  with  10  /.  of 

kydragen,  what  load  can  it  lift  ?  (See  Appendix,  O.) 

Becapitnlatioii. — ^In  this  section  we  have  considered 
Qie  definitions  of  Pneumatics  and  Tension  ;  the 
Aerial  Ocean  in  which  we  live;  the  mechanical 
Properties  of  Air ;  the  weight  of  air  giving  rise  to 
Atmospheric  Pressure;  a  famous  experiment  by 
Torri  cell  i,  and  the  explanation  thereof;  Pascal's  ex* 
periments  and  the  conclasion  they  confirmed ;  the  Ba« 
rometer;  the  Aneroid  barometer;  the  Baro- 
scope. 


^SECTtON  11. 

THE  RELATION  OF  TENSION  AND  VOLUME  TO 

PRESSURE. 

282.  Tension  of  Gases.— If  a  glass  flask,  provided 
irith  a  stop-cock;  be  closed  under  an  atmospheric  pressure 
which  supports  a  mercury  column  of  30  inches,  the  atmos- 
pheric pressure  from  without  is  exactly  balanced  by  the 
tension  (§  269)  of  the  air  within.  If  it  be  closed  under  a 
barometric  pressure  of  28  inches,  this  equality  of  the  two 
pressures  will  continue.  If  the  flask  be  closed  when  the 
snrronnding  air  is  subjected  to  a  pressure  of  two  or  three 
afcrnosphereSy  the  equality  will  still  continua  In  none  of 
these  caaeB  will  the  glass  be  subjected  to  any  strain  because 
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of  the  «p  within  or  without  The  tendon  of  aeriform 
bodies  supports  the  pressure  exerted  upon  them. 
and  is  equal  to  it. 

283.  Experimental  Illustrations  of  Tension— (l.)!!* 

tension  o(  confined  air  is  well  illustrated  by  the  common  pop-gan 
It  is  also  well  illustrated  by  the  common  experiment 
with  bursting  squares.    These  "squares "are  made 
oC  thin,  glass,  are  about  two  or  three  iuches  on  each 
edge,  and  are  liermeticully  sealed  under  the  ordinary 
atmospheric  pressure.     The  tension  of  the  air  within, 
acting  with  equal  intensity  against  the  atmospheric 
pressure  from  without,  the  frail  walls  remain  unin- 
jared.      When,   however,   the   "square"  is    placed  ■« 
under  the  receiver  of  an  air-pump  and  the  external      FlG.  98. 
pressure  removed,  the  tension  of  15  pounds  to  the 
square  inch  is  sufficient  to  burst  the  walls  outward. 
(3.)  Half  fill  a  small  bottle  with  water,  close  the  neck  with  aooric 
tlirough  which  a  small  tube  passes.     The  lower  end 
of    this  tnbe  should  dip  into  the  liquid ;    the   upper 
end  should  be  drawn  out  lo  a  smaller  size.     Apply 
the  lips  to  the  upper  end  of  the  tube,  and   force  all 
into  the  bottle.     Notice,  describe,   and    explain   what 
takes  place, 

(3.)  Place  the  bottle,  arranged  as  above  deacribed, 
under  the  receiver  of  an  lur-pump,  and  eihanst  the 
air  from  the  receiver.  Water  will  be  driven  in  a  jet 
from  the  tube.     Explain. 

Fig  qq         28i.  Mariotte's  liaw, — 7%e  tempera- 
ture remaining  the  same,  the   volu?the  of 
a  given  quantity  of  gas  is  inversely  as   the  pres- 
sure it  supports, 

385.— Experimental  Veriflcation  of  Marl- 
otte's  Law. — This  law  may  be  eKperimentally  verified 
with  Mariotte'a  tube.  It  consists  of  a  long  glass  tube  bent 
as  shown  in  Fig.  100,  the  long  arm  being  open  and  the 
short  arm  closed.  A  small  quantity  of  mercury  is  ponred 
Olio  the  tube,  bo  £hs6  the  two  mercuriaV  aaitaiMa  aia  mi.  Uw 
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same  horizontal  lina  By  holding  tlie  tube  nearly  level, 
bubbles  of  air  may  be  passed  into  the  short  arm  or  from  it 
nntil  the  desired  result  is  secnred.  The  air  in  the  short 
arm  will  then  be  ander  an  ordinary  atmospheric  pressure. 
As  more  mercury  is  ponred  into  the  long  arm  the  confined 
lir  will  be  compressed. 

(a.)  When  the  vertlcBl  distsDce  between  the  levels  of  the  vaenaiy 
In  the  two  unis  1b  one-third  the  height  of  the  barometric  column 
at  the  time  and  place  of  the  experiment,  the  preesnie  vi^ii.  "Ctift 
confinotf  *Ir  will  be  f  uOnospberea ;  the  teiudoii  ol  tlie  oai&u«&.  ^ 
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just  supports  this  pressnre  and  must  therefore  be  |  atmosphem 
The  volume  of  the  confined  air  is  only  }  what  it  was  under  a  pTei> 
sure  of  one  atmosphere.  If  more  mercury  be  poured  into  the  long 
arm  until  the  vertical  distance  between  the  two  mercurial  surfaoei 
is  one-half  the  height  of  the  barometric  column,  the  pressure  and 
tension  will  be  f  atmospheres ;  the  volume  of  the  confined  air  wil 
be  {  what  it  was  under  a  pressure  of  one  atmosphere.  When  mer 
cury  has  been  poured  into  the  long  arm  until  the  vertical  distanoi 
CA  is  equal  to  the  height  of  the  barometric  column,  the  pressuH 
and  tension  will  be  two  atmospheres,  and  the  volume  of  the  confined 
air  will  be  one-half  what  it  was  under  a  pressure  of  one  atmoft 
phere.  The  law  has  been  thus  "  verified "  up  to  27  atmospheres, 
notwithstanding  which  it  is  not  considered  rigorously  exact.  Thf 
deviation  from  exactness,  however,  can  be  detected  only  by  meas 
brement  of  great  precision. 

286.  The  Rule  Works  both  Ways.— The  law 
holds  good  for  pressures  of  less  than  one  atmosphere,  for 

rarefied  air  as  well  as  for  compressed 
air.  To  show  that  this  is  true,  nearly 
fill  a  barometer  tube  with  mercury  and 
invert  it  over  a  mercury  bath  held  in  t 
glass  tank  as  shown  in  the  figure. 
Lower  the  tube  into  the  tank  until  tht 
mercury  levels  within  the  tube  and 
without  it  are  the  same.  The  air  in  thi 
tube  is  confined  under  a  pressure  of  on< 
atmosphere.  Note  the  volume  of  air  in 
the  barometer  tube.  Raise  the  tube 
until  this  volume  is  doubled.  The 
vertical  distance  between  the  two  mer- 
curial surfaces  will  be  found  to  be  half 
the  height  of  the  barometric  column. 
The  confined  portion  of  air,  which  is 
now  subjected  to  the  pressure  of  half  an 
Fig.  ioi.  atmosphere,  occupies  twice  the  space  it 
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did  under  a  pressare  of  one  atmosphere.  And  so  on.  It 
may  be  more  convenient  to  have  the  barometer  tube  open 
at  both  ends,  the  upper  end  being  closed  with  the  thumb 
or  finger  before  lifting. 

287.  A  Summing^  Up. — From  the  foregoing  experi- 
ments we  have  a  right  to  conclude  that  the  density  a?id 
tension  of  a  given  quantity  of  gas  are  directly,  and 
that  its  volume  is  inversely^  as  the  pressure  ex- 
erted upon  it.  Representing  the  volumes  of  the  same 
quantity  of  gas  by  V  and  v,  and  the  corresponding  pres- 
sures and  densities  by  P  and  p,  D  and  d^  our  conclusion 
may  be  algebraically  expressed  as  follows: 

EXEBCISES. 

1.  XTnder  ordinary  conditions,  a  certain  quantity  of  air  measures 
one  liter.  Under  what  conditions  can  it  be  made  to  occupy  (a.)  50C 
eu.  cm.  ?    (6.)  2000  cu.  cm.  ? 

2.  Under  what  circumstances  would  10  cu.  inches  of  air  at  the 
ordinary  temperature  weigh  31  grains  ? 

3.  Into  what  space  must  we  compress  (a.)  a  liter  of  air  to  double 
its  tension  ?    (6.)  A  liter  of  hydrogen  ? 

4.  A  barometer  standing  at  30  inches  is  placed  in  a  closed  vessel. 
How  mueh  of  the  air  in  the  vessel  must  be  removed  that  the  mer- 
cury may  fall  to  15  inches  ? 

5.  A  vertical  tube,  closed  at  the  lower  end,  has  at  its  upper  end 
%  frictionless  piston  which  has  an  area  of  one  sq.  inoh.  The  weight 
of  this  piston  is  five  pounds,  (a.)  What  is  the  tension  of  the  air 
in  the  tube?  (5.)  If  the  piston  be  loaded  with  a  weight  of  ten 
pounds,  what  will  be  the  tension  ? 

6.  When  the  barometer  stands  at  28  J  inches,  the  mercury  is  at 
the  same  level  in  both  arms  of  a  Mariotte's  tube.  The  barometer 
rises  and  the  difference  in  the  two  mercurial  surfaces  of  the  Ma 
riotte's  tube  is  half  an  inch,  (a.)  In  which  arm  is  it  the  higher! 
(6.)  Why? 
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7.  Eight  grains  of  air  are  enclosed  in  a  rig^d  yesBel  of  sneli  rfnj 
that  the  tension  is  18^  pounds  per  square  inch.  What  will  he  thi! 
tension  if  three  more  grains  of  air  be  introduced  f 

Recapitulation.— In  this  section  we  hare  ompideied 
the  Equality  of  tension  and  pressure,  with  sevanift  Ex- 
perimental Illustrations;.  Mariotte's  tAw; 
the  Verification  of  that  law  for  Compressed 
and  for  Rarefied  Gases;  a  brief  Conclusion. from 
the  teachings  of  these  experiments. 
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AIR-PUMPS.— LIFTING  AND   FORCE-PUMPS.— 

SIPHON. 

388.  The  Air-Pump. — The  air-pump  is  an 
instrument  for  removing  air  from  a  closed  vessel. 
The  essential  parts  are  shown  in  section  by  Fig.  102; 
one  form  of  the  complete  instrument  is  represented  by 
Pig.  103. 

The  closed  vessel  R  is  called  a  receiver.  It  fits  accn* 
rately  upon  a  horizontal  plate,  through  the  centre  of  which 
is  an  opening  communicating,  by  means  of  a  bent  tube,  f, 
with  a  cylinder,  C.  An  accurately  fitting  piston  moves  in 
this  cylinder.  At  the  junction  of  the  bent  tube  with  the 
cylinder,  and  in  the  piston,  are  two  valves,  v  and  v',  open- 
ing from  the  receiver  but  not  toward  it.  The  tension  o! 
the  air  in  R,  and  the  pressure  of  the  ah'  upon  the  valves, 
are  equal.  When  the  piston  is  raised,  v'  closes  and  the 
atmospheric  pressure  is  removed  from  v.  The  tension  of 
the  air  in  £  opena  v.    By  virtue  of  its  power  of  indefinite 
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expansion,  the  air  which,  at  first,  was  in  R  and  ty  now  filb 
fly  t,  and  C.  When  the  piston  is  pushed  down,  v  cIob&b,  v* 
opens,  and  the  air  in  C  escapes  from  the  apparatus. 

{a.)  The  lower  valve  v  is  sometimes  supported,  as  shown  in  Big 
102,  by  a  metal  rod  which  passes  through  the  piston.  This  rod 
works  tightly  in  the  piston,  and  is  thus  raised  when  the  piston  is 
raised,  and* lowered  when  the  piston  is  lowered.  A  button  near  the 
upper  end  of  this  rod  confines  its  motion  within  very  narrow  limite, 
allows  i)  to  be  raised  only  a  little,  and  compels  the  piston,  during 
most  of  the  journeys  to  and  fro,  to  slide  upon  the  rod  instead  of 
carrying  the  rod  with  it. 

289.  Degrees  and  Limits  of  Exhaustion.^ 

Suppose  that  the  capacity  of  i?  is  four  times  as  great  as 
that  of  0.  (The  capacity  of  t  may  be  disregarded.)  Sup- 
pose that  12  contains  200  parts  of  air  {e.  g.,  200  grains), 
and  Cy  50  parts.  After  lifting  the  piston  the  first  time, 
there  will  be  160  grains  (=  200  x  f)  of  air  in  R,  and  40 
grains  (200  x  \)  in  C.  After  the  second  stroke  there  will 
be  128  grains  [=  160  x  f  =  200  x  f  x  i  =  200  x  (if] 
of  air  in  R,  and  32  grains  in  C,  After  n  upward  strokes, 
200  X  (f)°  grains  of  air  will  remain  in  the  receiver.  Evi- 
dently, therefore,  we  never  can,  by  this  means,  re- 
move all  the  air  which  R  contains,  although  we 
might  continually  approach  a  perfect  vacuum,  if  this  were 
the  only  obstacle.  It  requires  an  exceedingly  good  air* 
pump  to  reduce  the  tension  of  the  residual  air  to  -^  inch 
oi  mercury.  This  limit  is  due  to  several  causes,  among 
which  may  be  mentioned  the  leakage  at  different  parts  of 
the  apparatus,  the  air  given  out  by  the  oil  used  for  lubri- 
cating the  piston,  and  the  fact  that  there  is  a  space  at  the 
bottom  of  the  cylinder  untraversed  by  the  piston. 

290.  SprengeFs  Air-Pump. — This  instrument  ig 
used  to  apply  the  principles  set  forth  in  §  259  to  the  ex- 
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hanstion  of  small  receivers.  The  liquid  used  is  mercury. 
The  vertical  pipe,  below  the  arm  t  (Fig.  87),  must    be 

longer  than  the  barometer  column  (six  feet  is  a  common 
;  kngth),  and  have  a  diameter  of  not  more  than  ^  inch, 
i:  The  mercury  is  admitted  by  large  drops,  which,  filling 
,  the  pipe,  act  as  valves  and  in  their  fall  force  out  succes- 

fflYe  quantities  of  air  before  them. 

[a.)  With  such  an  instrument,  it  requires  about  half  an  hour  to 
exhaust  a  half  liter  receiver,  but  the  average  result  attainable  is  a 
tension  of  about  one-millionth  atmosphere  or  0.0U003  inch  of  mer- 
cury. By  this  means  a  tension  of  only  ^  3  o  o  o  o  n  atmosphere  has 
been  secured.  The  mercury  acts  as  a  dry,  frictionlcss,  perfectly 
fitting, self-adjusting  piston.  Special  precautions  must  be  taken  to 
make  the  connection  air-tight.  The  only  work  of  the  operator  is  to 
carry  the  mercury  from  the  cistern  at  the  foot  of  the  fall  tube  to 
funnel  at  the  top. 


391.  Bunsen's  Air-Pump.— In  Bunsen's  air- 
pump  the  principle  is  the  same,  but  the  liquid  used  is 
water,  and  the  length  of  the  vertical  pipe  at  least  thirty- 
four  feet.  Such  an  air-pump  may  be  easily  provided  in  a 
laboratory  where  the  waste-pipe  of  the  sink  has  the  neces- 
sary vertical  height.  The  tube  t  (see  Fig.  87)  being  con- 
nected with  the  receiver,  has  its  free  cud  inserted  in  the 
waste-pipe  a  little  way  below  the  sink.  A  stream  of  water 
properly  regulated,  flowing  into  the  sink,  completes  the 
apparatus. 

293.  The  Condenser. — The  condenser  is  an 
instrument  for  compressing  a  large  amount  of  air 
into  a  closed  vessel.  It  differs  from  the  air-pump, 
chiefly,  in  that  its  valves  open  toward  the  receiver. 
The  cylinder  is  generally  attached  directly  to  the  stop- 
cock of  the  receiver.  Its  operation  will  be  reac'"  ~ 
derstood.     Sometimes   the  upper  val 
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being  placed  in  the  piston^  is  placed  in 
a  tube  opening  fronx  the  side  of  the  cylin- 
der below  the  piston.  By  connecting 
this  lateral  tube  with  a  reservoir  contain- 
ing any  gas,  the  gas  may  be  drawn  from 
the  reservoir  and  forced  into  the  receiver. 
When  thus  made  and  used,  the  instru- 
ment is  called  a  transferrer  (Pig.  104). 

Note. — The  pupil  will  notice  that  in  the  case 
of  the  air-pump,  the  condenser,  the  transferrer, 
and  the  lifting  and  force  pumps  to  be  subse- 
quently considered,  the  valves  open  in  the  di- 
rection in  which  the  fluid  is  to  move. 

Fig.  104.  393,    Experimeuts.  —  A    person 

having  an  air-pump  has  the  means  of 
performing  almost  numberless  experiments,  some  amusing 
and  all  instructive.  Other  experiments,  which  may  be  per- 
formed without  such  apparatus,  have  been  purposely  de- 
ferred until  now.  The  pupil  should  explain  each  experiment 

(1.)  The  pressure  of  the  atmosphere,  which  is  transmitted  in  all 
directions,  may  be  illustrated  by  filling  a  tumbler  with  water,  plac- 
ing a  slip  of  thick  paper  over  its  mouth  and  holding  it  there  while 
the  tumbler  is  inverted ;  the  water  will  be  supported  when  the 
hand  is  removed  from  the  card. 

(3.)  Plunge  a  small  tube,  or  a  tube  having  a  small  opening  at  the 
tower  end,  into  water,  cover  the  upper  end  with  the  finger  and  lift 
\i  from  its  bath.  The  water  is  kept  in  the  tube  by  atmospheric 
pressure.  Remove  the  finger,  and  the  downward  pressure  of  the 
atmosphere,  which  was  previously  cut  off,  will  counterbalance  the 
upward  pressure  and  the  water  will  fall  by  its  own  weight.  Such 
a  tube,  called  a  pipette,  is  much  used  for  transferring  small  quanti- 
ties of  liquids  from  one  vessel  to  another.  The  pipette  is  often 
graduated. 

(3.)  The  " Backer"  cxmsXB\/&  of  a  circular  piece  of  thick  leather 
with  a  string  attached  to  its  middle.  Being  soaked  thorongblj  in 
water  it  is  firmly  pressed  upon  a  flat  stone  to  drive  out  all  air  from 
between  the  leather  and  the  stone.    When  the  string  is  pulled 
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Fig. 


gently  there  is  a  tendency  toward  the  formation  of  a  vacuum  he- 

tween  the  leather  and  the  stone.  The  stone  is 
now  pushed  upward  with  a  force  of  15  lbs.  for 
every  square  inch  of  its  lower  surface  (§  278).  It 
is  pressed  daumward  with  a  force  of  15  lbs.  upon 
each  square  inch  of  its  upper  surface  not  covered  by 
the  "sucker."  The  downward  atmospheric  pres- 
sure upon  the  leather  is  sustained  by  the  string. 
This  difference  between  the  upward  and  down- 
ward atmospheric  pressures  upon  the  stone  may  be 
greater  than  the  gravity  of  the  stone.  Then  we 
say  that  the  stone  is  pulled  up  by  the  ** sucker" ; 
in  reality  the  stone  is  jmshed  up  by  the  air. 

(4.)  The  handglass  is  a  receiver  open  at  both 
ends.    The  lower  end  fits  ac- 
curately upon  the  plate  of  the  air-pump.     (It  is 
well  to  smear  the  plate  with  tallow  in  this  and 
similar    experiments.)      The    hand    is    to    be 
placed  over  the  other  end.     When  the  pump  is 
worked,  the  pressure  of  the  atmosphere  is  felt, 
and  the  hand  can  be  removed  only  by  a  con- 
siderable effort.     The  appearance  of  the  palm 
of  the  hand  at  the  end  of  this  experiment  is  due  to  the  tension  of 
the  air  within  the  tissues  of  the  hand. 
(5.)  Repeat  the  experiment  described  in  §  269. 
(6.)  Over  the  upper  end  of  a  cylindrical  receiver,  tie  tightly  a  wet 

bladder,  and  allow  it  to  dry.  Then  ex- 
haust the  air.  The  bladder  will  be  forced 
inward,  bursting  with  a  loud  noise. 

(7.)  Replace  the  bladder  with  a  piece  of 
thin  india-rubber  cloth.  Exhaust  the  air. 
The  cloth  will  be  pressed  inward  and  nearly 
cover  the  inner  surface  of  the  receiver. 
The  hand-glass,  ust^d  in  experiment  (4), 
will  answer  for  the  two  experiments  last 
given,  by  placing  the  small  end  upon  the 
pump-plate. 

(8.)  Review  the  experiments  mentioned 
in  §  283. 

(9.)  The  **  fountain  in  vacuo  "  consists  of 
a  glass  vessel  through  the  base  of  which  passes  a  tube  terminating 
in  a  jet  within,  and  provided  with  a  stop  cock  and  screw  without. 
By  means  of  the  screw  it  may  he  attached  to  the  a\T-p\mi^  Wi^  ^^ 


174 


AIR-PUXr. 


drexhAtuited.  Remove  the  air,  cIom  tbe 
etop-cock,  place  the  loner  end  of  the  tabe 
in  water,  open  tlie  stop-cock  ;  a  beautiful 
toantaiD  will  be  produced  (Fig.  lOS), 

(10.)  The  mercury  shower  apparatus 
conalets  of  a  cap  through  the  bottom  of 
irhich  passes  a  plug  of  oak  or  other  porous 

wood.    Place  the  cup  upon 

ibo  lumd.gla*»  with  a  tum- 
bler  below ;    pour    some 

mercury  into  the  cup  ;  ei- 

haust  the  air,  and  the  at- 
nspheric  pressure  will 
rre  the  mercury  through 

tlip  pores  of  the  wood. 
Fio.  108.  (H.)     Tlie    weiglU-UfleT  Fic.  109, 

(Fig.  110)  is  an  apparatus 
by  means  of  which  the  pressure  of  the  atmosphere  may  be  madi 
Mt  quite  a  heavy  weight.     It  coDsists  of  a  stout  glass  cylinder 
supported  by  a  frame  and  tripod.     Within  the  lower  part  of 
^linder  is  a  closely  fitting  pis- 
ton from  which  the  weight  is 
hung,    A  brass  plate  ia  ground 
to  fit  accurately  upon  the  top 
•f  the  cylinder.     This  plate  is 
perforated  and  a  flexible  tube, 
B,  connects  the  cylinder  with 
an   air-pump.     When   the  air 
Is  exhausted  from  the   cylin- 
der, the  atmospheric  pressure 
on   the  lower  surface  of   the 
piston   raises  the  piston  and 
supported  weight  the  length 
of  the  cylinder. 

(13.)  ITie  Magdeburg  hemt- 
tpkeret  ars  made  of  metal. 
They  are  hollow,  and  generally 
tbtee  or  four  inches  in  diam- 
3ter,  Theiredges  are  provided 
with  projecting  lips  which  fit 
one  over  the  other.  These 
edges  St  one  another  air-tight ; 
the  lips  prevent  them   from 
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aofivg  ildetBua,  Tho  oigtt  lidng  greaaed  and  placed  togetlier,  tiM 
ijr  is  ezhanstod  fn>in  the  hollow  g'.obe  through  k  tube  provided 
with  a  stop-cock  and  screw.  When  the  air  Las  been 
pomped  OQt,  dose  the  stop-«ock,  remove  the  heml- 
qiheies  frcKn  the  pump,  and  M-rew  a  cooTenlmi 
handle  Bpon  the  lower  bemisphcn.',  the  Dpper  one 
being  provided  with  a  pemtaneDt  handle.  It  wi<'. 
L  be  found  that  a  consderable  force  is  Decenary  to 
pull  the  hemiaphercB  asuDdir.  This  force  is  equal 
.  '^^^^_-  to  the  atmospheric  prvaaurc  upon  the  circular  am 
'  ^^r^         Inclosed  b;  the  edges  of  the  hcniispbt'res.     If  this 

area  be  ten  square  inches  it  wiil  n-quire  a  pull  of 
150  pounds  to  sepamte  the  liemiepberes. 
(13.)  Partlf  fill  two  bottles  with  water     Cooneet 
Fio.  III.       them   by   a  beot  tube  wliii'h  fits 
clasely  Into  the  moath  of  one  aod 
hnedy  into  the  month  of  the  other.     PJare  the  bot- 
tles nndfT  Ute  recover  and  exhaust  the  air     WKter 
will  be  driven  from  the  closely  stoppered  bottle 
kito  the  other.    Beadmlt  air  to  the  recover  and  the 
nter  thns  driTSn  over  will  be  forced  bade. 

294.  The  Liftiiig- 

Plimp.— The  lifting- 
pamp  ooiisiste  of  a  cylinder  or  bar- 
rel, piaton,  two  vulvcs,  and  a  suc- 
tion pijw,  the  lower  end  o*"  which 

dips  below  the  surface  of  the  li(juid 
to  be  raised.  The  arrangomenl  ie 
esseatially  the  game  as  in  the  air- 
pump.  Aa  the  pistou  is  worked, 
tho  air  below  it  ia  gradually  re- 
moved. The  domiward  pressure  on 
the  liquid  in  the  pipe  being  thus 
removed,  the  transmitted  pres- 
sure of  the  atmosphere,  exerted 
upon  the  surface  of  the  liquid, 
pushes  Die  liquid   up   through 
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the  SM^Um  pipe  and  the  lower  vaZve  into  At 
barrel.  When  the  piaton  ia  again  preased  dowu,  the  lovtt- 
valve  closes,  the  reactiou  of  the  water  opena  the  pisfaw 
valve,  the  piston  anitiag  below  the  aor&ce  of  the  liqnid  a 
the  barrel  When  next  the  piaton  is  raiaed,  it  li^  tin 
Water  above  it  toward  the  spont  of  the  pump.  At  the  f 
time,  atmospherio  preasure  forces  more  liquid  through  tin 
aactioQ  pipe  into  the  barrel 

295.  Notes  and  Qaeries.— The  etetem  or  woU  oont4liilig' 
the  liquid  most  not  be  cut  off  from,  atmoepherlc  pieesuie,  i.  e.,  mad 
DOt  be  made  ^r-tight.  Whj  7  For  water  ptunpe,  the  Boction  [^ 
most  not  be  more  thau  84  feet  high.  Why  t  Owing  to  mechaniok 
imperfections  chiefly,  the  practical  limit  of  the  water  pomp  is  H 
vertical  feet.  Ab  the  lifting  of  the  liquid  above  the  piston  doea  sot  1 
depend  upon  atmoepheilc  pressure,  water  may  be  raised  from  a  rtif  ' 
deep  well  hy  placing  the  barrel,  with  ila  piston  and  valves,  withk 
38  feet  of  the  surface  of  the  water,  and  providing  a  vertical  di» 
charge  pipe  to  the  surface  of  the  gn  und.  The  piston-rod  nv? 
work  through  this  discharge  pipe.  Deep  mines  are  freqnentlf 
drained  by  u^g  a.  series  of  pumps,  on 
above  the  other,  the  handles  (levers)  d 
which  are  worked  by  a  dngle  vertical  rod. 
The  lowest  pamp  empties  the  water  into  i 
reBervoir,  from  which  the  second  pump  lifU 
it  to  a  second  reservoir,  and  so  on. 

296.  The  Force-Pmnp.— la 

the  force-pump,  the  piston  is  generall? 
made  aolid,  i.  e.,  without  any  valTR 
The  npper  valve  is  placed  in  a  di»- 
charge  pipe  which  opens  from  the  bar* 
rel  at  or  near  its  bottom.  When  tha 
piston  is  rused,  water  is  forced  into 
-_"^  the  barrel  by  atmospheric  pressure. 
When  the  piston  is  forced  down,  ths 
snction  pipe  valve  is  cloaedj  the  wata 
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being  forced  through  the  other  valve  into  the  discharge 
pipe.  When  next  the  piston  is  raised,  the  discharge  pip« 
Tttlve  iB  cloaed,  preventing  the  retam  of  the  water  abovu 
it,  while  atmospheric  presaure  forces  more  water  from 
,  below  into  tlie  barrel, 

397.  The  Air-Charaber  of  a  Force-Pump.— 

Water  will  be  thrown  from  such  a 
pamp  in  spurts,  corroBponding  to 
the  depressions  of  the  piston.  A 
continttoiiS  flow  is  secured  by 
eonnecting  the  discharge  pipe 
vAih  an  air-ehamber.  This  air- 
chamber  is  provided  with  a  delivery 
ppe,  5,  the  inner  end  of  which  termi- 
nates below  the  surface  of  the  water 
in  the  air-chamber.  When  water  is 
forced  into  the  air-chamber,  it  covers 
Uie  mouth  of  the  delivery  pipe  and 
compresses  the  air  confined  in  the 
chamber.  This  diminution  of  volume  of  the  air  is 
Mtended  by  a  correapomlinj  increa.-^e  of  tension  (§  284), 
which  soon  becomes  eufficieni.  to  foi-cc  the  water  tlirougb 
the  nozzle  of  the  delivery  pipe  in  a  continuous  tttream. 

398.  The  Siphon.— The  siphon  consists  of  a  beni 
tnbe,  open  at  both  ends,  having  one  arm  longer  than  th« 
other.  It  is  used  to  transfer  liquids  from  a  higher  to  a 
lower  level,  especially  in  cases  where  they  are  to  be  removed 
srithoat  disturbing  any  sediment  they  may  contain.  It 
may  be  6rst  filled  with  the  liquid,  and  then  placed  with 
the  shorter  arm  in  the  higher  vessel,  care  being  had  that 
the  liquid  does  aot  escape  from  the  tabe  tmtil  tha  openiiijf 
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C   it    lower  than    mn,   the    sor&ce   of   the   liquid 

it  ma;  be  first  placed  in  positii 

and  the  air  removed  b;  BQctiin: 

at  the  lower  end ;  whereupon, 

the  pressure  of  the  atmoephen^ 

the  fluid  will  be  forced  up  the 

shorter  arm  aod  fill  the  tube.    In 

either  case  a  ooDstant  stream  of 

the  liquid  will  fiow  from  the  upper 

PiQ.  ii5,  vessel  nutil  the  surface  line  tnn  ia 

brought  as  low  as  the  opening  in 

the  shorter  arm,  or,  if  the  liquid  be  rec^ved  in  anuthra 

vesael,  nntil  the  level  is  the  same  in  the  two  yessels. 

399.  Explanation  of  the  Siphon. — This  action 
nt  the  siphon  may  be  tbna  explained :  For  convenience 
lappoae  that  the  sectional  area  of  the  tube  ia  one  inch, 
that  the  downward  pressure  of  the  water  in  the  arm  AB 
is  one  pound,  and  that  the  downward  pressure  of  the  water 
H  the  ai-m  BO  ia  three  pounds.  The  npward  pressure  in 
Ihe  tube  at  A  will  equal  the  atmospheric  pressure  on  each 
inch  of  the  surface  mn  ontride  the  tube  minus  the  down- 
ward pressure  of  one  pound,  i.  e.,  {15  —  1  =)  14  pounds. 
On  the  other  side,  there  ia  at  C  the  upward  atmospheric 
pressure  of  15  pounds,  from  which  must  be  taken  the 
downward  pressure  of  the  water  in  BU,  leaving  a  resultant 
upward  pressure  of  13  pounds  at  0.  The  upward  pressure 
at  A  being  two  pounds  greater  than  that  at  C,  determines 
the  flow  of  the  water  A  BO.  The  greater  the  difference 
between  la  and  be,  the  greater  the  velocity  of  the  stream. 

300.  liimitations. — Tf  the  downward  pressure  at  A 
be  equal  to  the  atmospheric  pressure,  the  liquid  will  not 
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low.  Therefore,  if  the  liquid  be  water,  the  height, 
ab,  must  be  less  than  $4  feet;  if  it  be  mercury,  ai 
most  be  less  than  the  merciuy  columi)  of  the  barometer. 

301.  Intermittent  Springs.  —  Occasionally  i 
ipnng  is  found  which  flows  freely  for  a  time,  and  thep 
eeases  to  flow  for  a  time.  Fig.  117  represeikta  ua  under 
poaad  reservoir,  fed  with  water  through  Ssaurcs  in  tlie 
earth.     The  channel  through  which   the  wator  escapoa 
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from  this  reservoir  forms  a  siphon.  The  wafer  escaping  at 
the  surface  constitutes  a  spring.  When  tlio  wiitcr  in  tbti 
reservoir  reaches  the  level  of  tlic  highest  point  in  tlio 
channel,  the  siphon  begins  to  act,  and  contimics  to  da  so 
until  the  water  level  in  the  reservoir  falls  to  the  month  of 
the  siphon.  The  spring  then  ceaeea  to  flow  until  the 
wat«r  has  regained  the  level  of  the  highest  point  of  the 
giphon-like  channel.  This  action  is  well  illnstrated  by 
"Tantaln^  Cup,"  represented  in  Fig.  118. 
Exercises. 
1.  How  hlgli  can  water  be  raised  by  a  perfect  liftiiig-pnmp,  wbeti 
the  barametor  Btanda  at  80  iucbee ?    (See  g  258.  IS].) 
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S.  If  a  Hftlng-pnmp  can  Just  raise  water  28  fk.»  how  hSgh  can  H 
raise  alcohol  having  a  specific  gravity  of  0.8  ? 

8.  Water  is  to  be  taken  over  a  ridge  12.5  m.  higher  than  the  8ti» 
face  of  the  water,  (a.)  Can  it  be  done  with  a  siphon  ?  Why  ?  (Ij 
With  a  lifting-pump  ?    Why  ?    (c. )  With  a  force-pump  ?    Why  ? 

4.  How  high  will  bromine  stand  in  an  exhausted  tube,  when  mer 
cary  stands  765  mm,  ?    (Sp.  gr.  of  bromine  =  2.96.)  \ 

5.  If  water  rises  84  feet  in  an  exhausted  tube,  how  high  wiB 
sulphuric  acid  rise  under  the  same  circumstances  ? 

t.  The  sectional  area  of  the  piston  of  a  **  weight-lifter"  bdng  10 
Bq.  inches,  what  weight  could  the  instrument  raise  ? 

7.  If  the  capacity  of  the  barrel  of  an  air-pump  is  \  that  of  the  re> 
ceiver,  (a.)  what  part  of  the  air  will  remain  in  the  receiver  at  the 
end  of  the  fourth  stroke  of  the  piston,  and  (5.)  how  will  its  tension 
compare  with  that  of  the  external  air  ? 

8.  How  high  could  a  liquid  with  a  sp.  gr.  of  1.85  be  raised  by  a 
lifting-pump  when  the  barometer  stands  29.5  inches  ? 

9.  Over  how  high  a  ridge  can  water  be  continuously  carried  hi  • 
giphon,  the  minimum  standing  of  the  barometer  being  69  Ofii.? 

10.  What  is  the  greatest  pull  that  may  be  resisted  by  Magdeburg 
liemispheres  (a.)  4  inches  in  diameter?  (&.)  8  cm.  in  diameter?  (See 
Appendix  A.) 

Recapitulation. — In  this  section  we  have  considered 
the  Air-pump ;  the  Limits  of  Exhaustion  at* 
tainable  by  the  ordinary  air-pump;  Sprengel's  and 
Bunsen's  air-pumps ;  the  Condenser  and  Trans- 
ferrer; numerous  Experiments  pertaining  to  aSri- 
form  pressure  and  tension;  the  Lifting-pump;  the 
Force-pump;  the  Siphon  and  Intermittent 
Springs. 

Review  Qtjestioks  akd  Exercises. 

1.  Define  {a)  Phyrics,  (&.)  Chen^stry,  (c.)  Atom,  (d.)  Molecnle,  («.) 
Solids,  (/.)  Liquids  and  (^.)  Agrif  orm  Bodies. 

2.  Define  (a)  Inertia,  (&.)  Impenetrability  and  (e.)  Hardnei8»  fllns 
trating  each  by  examples. 

3.  {a.)  Define  Momentum  and  (p.)  Energy.    A  body  weighs  500 
lbs.,  and  has  a  velocity  of  60  ft.  per  second ;  (c.)  what  is  its  momen 
tum  and  {d.)  what  its  energy?    («.)  How  would  each  be  affected  h) 
doubling  the  weight !    (/.)  By  doubling  the  Yelodtj  t 
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1  GiTe  {a,)  the  facta  and  (ft.)  tHe  laws  of  gravltj.  A  bod j  weight 
1440  lbs.  at  the  surface  of  the  earth ;  (c)  how  far  above  the  surface 
will  its  weight  be  90  lbs.  t  (d.)  What  will  it  weigh  2200  milea 
below  the  surface  ? 

5.  (a.)  What  is  a  machine f  (&.)  What  is  a  foot  pound  ?  (e.)  Tell 
how  the  advantage  gained  by  a  simple  mechanical  power  is  found  ; 
md  (d)  show  this  bj  an  illustratiou  of  your  own.  (€  }  Ehcplain  tlie 
ause  of  friction. 

6.  (a.)  What  is  a  simple  pendolum  ?  (&.)  What  Is  an  oscillation  t 
e.)  How  does  a  change  of  latitude  change  the  number  of  vibrations? 
(d.)  Why  ? 

7.  (a.)  What  is  the  length  of  a  second's  pendulum  Y  (6.)  What 
JB  the  length  of  one  vibrating  {  seconds? 

8.  (a.)  State  the  general  law  of  machines,  and  (J>,)  illustrate  It  b^ 
means  of  the  pulley. 

9.  (o.)  What  is  the  centre  of  gravity?   (6.)  How  found? 

10.  (a.)  Draw  figures  Illustrating  the  position  of  parts  in  the  dif 
ferent  kinds  of  levers ;  (&.)  make  and  solve  a  simple  problem  in 
each. 

11.  (a.)  What  Is  the  relation  which  the  length  of  a  pendulum 
bears  to  its  time  of  oscillation  ?  (b.)  Give  the  length  of  a  pendulum 
beating  once  in  3^  seconds. 

12.  (a,)  Give  the  second  and  third  laws  of  motion,  and  (&.)  illus- 
trate them. 

13.  A  and  B,  at  opposite  ends  of  a  bar  6  ft.  long,  carry  a  weight 
of  600  pounds  suspended  between  them.  A's  strength  being  twice 
as  great  as  B's,  how  far  from  A  must  the  weight  be  suspended  ? 

14.  {a.)  Give  the  formulas  for  falling  bodies,  (h.)  translating  them 
Into  common  language,  (c.)  Give  the  same  for  bodies  rolling 
fieely  down  inclined  planes.  A  body  fell  from  a  balloon  one  mile 
above  the  surface  of  the  earth ;  (d.)  in  what  time,  and  {e.)  with  what 
velocity  would  it  reach  the  earth  ? 

15.  A  ball  thrown  downward  with  a  velocity  of  35  feet  per  second 
reaches  the  earth  in  12J  seconds,  {a.)  How  far  has  it  moved,  and 
(&.)  what  is  its  final  velocity  ? 

16.  (a.)  A  bricklayer's  laborer  with  his  hod  weighs  170  pounds  ; 
he  puts  Into  the  hod  20  bricks  weighing  7  pounds  each  ;  he  then 
climbs  a  ladder  to  a  vertical  height  of  30  feet.  How  many  units  of 
work  does  he?  (&.)  If  he  can  do  158,100  units  of  work  in  a  day, 
now  many  bricks  will  he  take  up  the  ladder  in  a  day  ? 

17.  Define  three  accessory  properties  of  matter. 

18.  How  much  weight  will  a  cubic  meter  of  any  solid  lose  whea 
wdghed  (a.)  In  hydrogen?  (&.)  in  air?  (c)  in  carbonic  acid  gas? 
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19.  Oui  yoo  devise  a  plan  by  which  an  ordinazy  mercurial  harom 
eter  may  be  used  to  measure  the  rarefaction  secured  by  an  air-pumpf 

20.  (a.)  Give  the  laws  of  liquid  pressure,  and  {b. )  find  the  pressoiv 
on  one  side  of  a  cistern  filled  with  water,  5  feet  square  and  12  M 
high? 

21.  (a.)  What  is  specific  gravity?  (5.)  What  the  standard  foi 
(iquids  and  solids?    (,c.)  How  is  the  sp.  gr.  of  solids  found ? 

22.  Calculate  the  atmospheric  pressure  upon  a  man  having  a  body 
surface  of  16,000  sq.  cm. 

23.  What  is  the  upward  pull  of  a  balloon  of  \,000  eu.  m.,  wh^ 
filled  with  gas  half  as  heavy  as  air,  its  own  weight  being  25  Kff.  ? 

24  (a,)  State  Archimedes'  principle,  (b,)  How  may  It  be  experi* 
mentally  verified  ?  {c.)  In  finding  specific  gravity,  what  is  ohDayi 
ihe  dividend  and  what  is  (dvDay%  the  divisor  ?  ((2.)  A  specific  gravity 
1i)ulb  weighs  38  g,  in  air,  28  g.  in  water,  and  20  ^.  in  an  acid.  Find 
Ihe  sp.  gr.  of  the  acid. 

25.  (a.)  Describe  an  overshot  water- wheel,  and  (ft)  give  a  drawing: 

26.  (a  )  Define  the  three  kinds  of  equilibrium.  (&.)  Where  is  tlie 
centre  jf  gravity  in  a  ring?  (c.)  Why  are  lamps,  clocks,  etc.,  pro. 
vided  with  heavy  bases  ? 

27.  Find  the  weight  in  sulphuric  acid  (sp.  gr.  1.75)  of  a  piece  ot 
iead  weighing  150  g.^  and  having  a  sp.  gr.  of  11, 

28.  A  pendulum  1  meter  long  makes  40  oscillations  in  a  givea 
time ;  how  long  must  a  pendulum  be  to  make  60  oscillations  in  the 
lame  time  and  at  the  same  place  ? 

29.  (a.)  Give  Mariotte's  law.  (&.)  How  high  could  a  fluid  having 
a  sp.  gr.  of  1.35  be  raised  in  a  common  pump  when  the  barometer 
stands  at  29.5  inches  ? 

30.  Represent,  by  drawings  in  section,  the  essential  parts  of  (a.) 
an  fur-pump,  (6.)  a  lifting-pump,  and  (c.)  a  force-pump,  (rf.)  Why 
does  the  water  rise  in  the  suction  pipe  of  a  lifting-pump?  («.) 
What  is  the  immediate  force  that  throws  water  in  a  steady  stream 
from  a  force-pump  ? 

31.  Water  flows  from  an  orifice  25  feet  below  the  surface  of  the 
water,  and  144.72  feet  above  the  level  ground.  Find  the  range  of 
the  jet. 

32.  State  briefly,  by  diagram  or  otherwise,  the  distlng  dishing 
features  of  solid,  liquid  and  aeriform  bodies. 

33.  The  specific  gravity  of  1  cu.  ft.  of  wood  is  0.9.  What  is  the 
specific  gravity  of  1  cu,  cm.  ? 
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Ifote, — ^A  deeiie  to  secure  favorable  atmospheric  conditions  for 
experiments  in  frictional  electricity  has  determined  the  order  in 
which  the  following  branches  of  physics  are  taken  up.  In  most 
places  in  this  country,  the  school-year  begins  with  September.  In 
such  cases,  this  chapter  would  probably  be  reached  by  January, 
during"  which  month  the  atmosphere  is  generally  dry.  Under 
other  circumstances,  the  consideration  of  these  subjects  would  better 
be  omitted  until  sound,  heat  and  light  have  been  studied.  The 
experiments  in  this  chapter  are  numbered  consecutively. 

303.  Simple  Apparatus.  —  Provide  two  stout 
sticks  of  sealing-wax  and  one  or  two  i^ieces  of  flannel  folded 
into  pads  about  20  centimeters  (8  inches)  square;  two 
glass  rods  or  stout  tubes  closed  at  one  end,  30  or  40  centi- 
meters in  length  and  about  2  centimeters  in  diameter  (long 
"ignition  tubes*'  will  answer)  and  one  or  two  silk  pads 
about  20  centimeters  square,  the  pads  being  three  or  foui 
layers  thick ;  a  few  pith  balls  about  1  centimeter  in  diam- 
eter (whittle  them  nearly  round  and  finish  by  rolling 
them  between  the  palms  of  the  hands)  ;  a  silk  ribbon 
about  an  inch  wide  and  a  foot  long;  a  balanced  straw 
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Fig.  119. 


about  a  foot  long,  represented  in  Fig.  119.     The  endi 
of  the  straw  carry  two  small  discs  of  paper  (bright  colors 

preferable)  fastened  on  by  sealing-wax. 
The  cap  at  the  middle  of  the  straw  la 
a  short  piece  of  straw  fiastened  by  seal 
ing' wax.  This  is  supported  upon  the  point  of  a  sewing 
needle,  the  other  end  of  which  is  stuck  upright  into  the 
cork  of  a  small  glass  vial.  From  the  ceiling  or  other  con- 
venient support,  suspend  one  of  the  pith  balls  by  a  fine 
silk  thread. 

(«.)  The  eflSciency  of  the  silk  pad  above  mentioned  may  be  in- 
creased by  smearing  one  side  with  lard  and  applying  an  amalgam 
made  of  one  weight  of  tin,  two  of  zinc  and  six  of  mercury.  The 
amalgam  that  may  be  scraped  from  bits  of  a  broken  looking-glass 
answers  the  purpose  admirably. 

Experiment  I. — ^Draw  the  silk  ribbon  between  two  layers  of  the 
warm  flannel  pad  with  considerable  friction.  Hold  it  near  the  wall 
of  the  room.  The  ribbon  toill  be  drawn  to  the  toall  and  hM,  there  for 
same  time.  Place  a  sheet  of  paper  on  a  warm  board  and  briskly 
rub  it  with  india-rubber.    Hold  it  near  the  wall  as  you  did  the  ribbon. 

Experiment  2. — Briskly  rub  the  sealing-wax  with  the  flannel 
and  bring  the  wax  near 
the  suspended  pith  baU. 
The  ball  will  be  drawn 
to  the  wax.  Bring  the 
wax  near  one  end  of  the 
balanced  straw ;  it  may 
be  made  to  follow  the 
wax  round  and  round. 
Bring  it  near  small 
scraps  of  paper,  shreds 
of  cotton  and  silk, 
feathers  and  gold  leaf, 
bran  and  sawdust  and 
other  light  bodies  ;  they 
are  attracted  to  the  wax. 

Experiment  3.— Repeat  all  of  these  experiments  with  a  glass  rod 
that  has  been  rubbed  with  the  silk  pad. 


Fig.  120. 
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Experiment  4. — ^Make  a  light  paper  hoop  or  an  emptj  egg-shell 
roU  after  your  rod.    (See  §882  6.) 

Experiment  5. — ^Place  an  e^^  in  a  wine-glass  or  an  egg-cup 
Upon  the  egg,  balance  a  yard-stick  or  a  common  lath.  The  end  ol 
the  stick  may  be  made  to  follow  the 
rabbed  rod  round  and  round.  Place  the 
blackboard  pointer  or  other  stick  in  a 
wire  loop  (Fig.  121)  or  stiff  paper  stir- 
rap  suspended  by  a  stout  silk  thread 
or  narrow  silk  ribbon.  It  may  be  made 
to  imitate  the  actions  of  the  balanced 
straw  or  lath. 

Experiment  6. — Suspend  the  rubbed 
sealing-wax  or  glass  rod  as  you  did 
the  blackboard  pointer  in  the.  last  ex- 
periment.  Hold  your  hand  near  the 
end  of  the  rod.    R  toUl  turn  round  and  approach  your  hand. 


Fig.  122. 


Note. — The  pupil  may  be  in- 
genious  enough  to  invent  new 
experiments  for  himself  and 
the  class.  The  ability  to  in- 
vent is  often  very  valuable 
and  may  be  acquired  early  m 
life.  Most  of  the  great  in- 
ventors began  making  experi- 
ments when  mere  children. 

303.  Electric  At- 
traction. —  Tlie  at^ 
^  tractions  manifested 
in  the  experiments 
just  described  were 
due  to  electricity  that 
was  developed  by  fric- 
tion.    Such  electricity 


is  called  frictional  or  static  electricity. 
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Experiment  7. — ^Bring  the  rubbed  sealing-wax  or  glass  rod  neii 
the  pith  ball  again.  It  will  attract  the  ball  as  before.  Allow  tht 
ball  to  touch  the  rod  and  notice  that,  in  a  moment,  the  ball  k 
thrown  off.  If  the  ball  be  pursued  with  the  rod,  it  will  be  found 
that  the  rod  which  attracted  it  a  moment  ago  now  repds  it.  Evidently^ 
the  ball  has  acquired  a  new  property.    (Fig.  123.) 

Experiment  8. — Touch  the  ball  with  the  finger.  It  seeks  the 
rubbed  rod,  touches  the  rod,  flies  from  the  rod.  Repeat  the  expeii* 
ments  with  the  sealing-wax  after  it  has  been  rubbed  with  flanneL 

Experiment  9. — Rub  the  glass  rod  with  silk  and  bring  it  over 
the  small  scraps  of  paper  as  before.  Notice  that,  after  the  attiao- 
tion,  the  paper  bits  do  not  merely  fall  down,  they  are  thrown  doum. 


304.    Electric    Repulsion.  —  The     repulsions 

manifested  in  the  experi- 
ments just  described  were 
due  to  static  electricity. 
The  glass  or  wax  is  said  to  be 
electrified  by  friction.  The  ball, 
after  obtaining  its  new  property 
of  repulsion  by  coming  in  con- 
tact with  the  glass  or  wax,  is  said 
to  be  electrified  by  conduction. 
The  suspended  pith  ball  is 
called  an  electric  pendulum. 

Experiment  10.— Prepare  a  battery 
solution  according  to  the  recipe  given 
in  §  392,  using  only  half  the  quantity 
of  each  substance  as  therein  directed. 
While  the  solution  is  cooling,  provide  a 
piece  of  sheet  copper  and  one  of  sheet  zinc,  each  about  10  centimeters 
(4  inches)  long  and  4  centimeters  (IJ  inches)  wide.  To  <nie  end  of 
each  strip,  solder  (see  Appendix  B)  or  otherwise  fasten  a  |dec6  of 
No.  18  copper  wire  (See  Appendix  I)  about  16  centimeters  (6  indies) 
long.  Place  the  zinc  strip  in  a  common  tumbler  about  three-fourths 
full  of  the  battery  solution.  Notice  the  minute  bubbles  that  break 
Away  from  the  surface  of  the  zmc  andi  iNsi^  \a^  >i^i^  ^xo^ibj^  ^1>&& 


Fig.  123. 
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Bqnid.  TheM  aie  babblee  of  hjdrogen,  a.  combastlble  gu.  Hie 
farmation  of  the  got  u  due  to  cAemical  action  beliceen  lAe  tijte  and 
iheU^id. 

Experimant  II. — Take  the  linc  ^m  the  tumbler  and,  while  it  U 
yet  wet,  mb  e,  few  drape  nf  mercury  (quickeilver)  over  its  surface 
odQI  it  has  a  brilliant,  Bilver-libe  appearauoe.  Beplace  the  sine 
thns  amalgamated.  In  the  solution  and  notice  that  no  btibblee  an 
jkmof. 

Experiment  I2<— Place  the  copper  strip  in  the  liquid,  taking  care 
that  it  or  its  wire  does  not  touch  thu  zinc  or  ita 
wire.   ilTo  biMtei  appear  either  on  the  tine  or  the 

upper.    It  maj  be  convenient  to  place  a  narrow 

gluB  strip  between  the  ends  of  the  metal  strit« 

in  the  tnmbler  to  keep  them  apart. 
Experiment  13. — Bring  the  npper  ends  of  tlip 

strips  log;ether,  as  shown  In  Fig.  124.  or,  still 

better,  join  the  two  wires,  as  shown  in  Fife.  179, 

bdng;  sure  that  the  wires  are  clean  and  hriglit 

where  tbej  are  united.     Notiee  the  formation  of 

ivibla  on  the  lurface  of  th«  copper,  vihere  none  Fjc.  la,^. 

prmoudg  appeared, 

305.  Suspicion. — It  seems  that  the  connecting 
wbe  is  an  important  part  of  the  apiraratus  iis  now  ar- 
miged  and  we  are  led  to  suspect  tliat  something  unusual 
is  taking  place  in  the  wire  itself  It  is  evident  that  we 
have  a  complete  "circnit"  throagh  the  liquid,  tlic  metal 
Btrip  and  the  wire. 

Experiment  14.— Untwist  the  wires  or,  in  other  words.  "  break 
the  cimuit."  Connect  the  copper  wires  with  a  short  piece  of  rerp 
fine  iron  wire.  The  connectiona  should  ho  made  so  that  the  circuit 
ahall  include  ahout  2  centimeters 
(J  inch)  of  iron  wire;.  T/ie  iron 
mil  heeieme.  hot  enougli  to  bum  the 
finpprs  or  to  ignite  a  Hniall  quantitj 
of  gun  cotton  twiatc<l  around  it. 

Experiment  15. — If  one  of  the 
cop()er  wires  be  twisted  around  one 
end  of  a  small  Sle  and  the  free  end 
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of  the  other  wire  be  drawn  along  its  rough  surface,  a  serisi  (f 
minute  aparka  wiU  be  produced  as  the  circuit  is  rapidly  made  and 
broken. 

Experiment  16.— Place  the  cell  so  that  the  joined  wires  shall  nm 
north  and  south,  passing  directly  over  the  needle  of  a  small  com' 
pass  (Experiment  98)  and  near  to  it.  The  needle  wUl  instanUy  turn  as 
though  it  were  trying  to  place  itself  at  right  angles  to  the  wira 
Break  the  circuit  and  the  needle  will  swing  back  to  its  north  and 
south  position. 


IB 


Fig.  126. 


306,  Certainty, — We  now  feel  sure  that  something 
unusual  is  taking  place  in  the  wire  of  our  complete  circuit, 
for  we  have  seen  the  wire  become  hot,  explode  gun-cotton, 
yield  sparks  and  exert  a  very  mysterious  influence  upon 

the  magnetic  needle.     As  a  matter  of  fact,  we  now  have 
a  current  of  electricity  flowing  through  a  voltaic  cell  and 

wire.    Electricity  thus  produced  hy  chemical  action 

is  called  voltaic  or  galvanic  electricity.    It  is  one 

form  of  current  electricity. 

Experiment  17. — Wrap  a  piece  of  writing  paper  around  a  large 
iron  nail,  leaving  the  ends  of  the  nail  bare.  Wind  fifteen  or  twenty 
turns  of  stout  copper  wire  around  this  paper  wrapper,  taking  care 
that  the  coils  of  the  wire  spiral  do  not  touch  each  other  or  the  iron. 
It  is  well  to  use  cotton  covered  or  "insulated"  wire.  Connect  the 
two  ends  of  the  wire  spiral  with  the  two  wires  of  the  voltaic  cell 
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r,  in  other  words,  put  the  spiral  into  the  circuit.  Dip  the  end  of 
tie  nail  iBto  iron  filings.  Some  of  the  filings  will  ding  to  the  nail  in 
\  remarkable  manner.  Upon  breaking  the  circuit,  the  nail  instantly 
joaes  Itfi  newly  acquired  power  and  drops  the  iron  filings. 

If  the  experiment  does  not  work  satisfactorily,  look  carefully  to 
tXL  the  connections  of  the  circuit,  see  that  the  ends  of  the  wires  are 
clean  and  bright  and  that  they  are  twisted  together  firmly.     It  may 

be  necessary  to  wash  the  plates,  rub  more  mercury  on  the  zinc  and 

provide  a  fresh  battery  solution. 

307.  Temporary  Magnets. — The  nail  has  the 
power  of  attracting  iron  filings  while  the  electric  cur- 
rent is  flowing  through  the  surrounding  wire  coil. 
Yow  have  made  an  electro-magnet.  Its  power  of 
attracting  iron  is  called  magnetism.  Satisfy  your- 
self, by  trial,  that  the  nail  loses  its  magnetism  as  soon  as 
the  circuit  is  broken  or  the  current  ceases  to  flow  around 
it.  Remember  that  your  electro-magnet  is  a  temporary 
magnet. 

Experiment  18. — While  the  nail  is  maguetized,  draw  a  sewing- 
needle  four  or  five  times  from  eye  to  point  across  one  end  of  the 
electro-magnet.  Dip  the  needle  into  iron  filings  ;  some  of  them  wiU 
cUng  to  each  end  of  it, 

308.  Permanent  Magnets.  —  When  steel  is 
treated  as  in  the  last  experiment,  it  becomes  permanently 
magnetized. 

Experiment  19. — Cut  a  thin  slice  from  the  end  of  a  vial  cork  and, 
with  its  aid,  float  your  magnetized  needle  upon  the  surface  of  a 
bowl  or  saucer  of  water.  The  needle  comes  to  rest  in  a  north  and 
south  position.  Turn  it  from  its  chosen  position  and  notice  that,  after 
each  displacement,  it  resumes  the  same  position  and  that  the  same 
end  of  the  needle  always  points  to  the  north. 

309.  A  Simple  Compass.—.^  small  magnet- 
i/s^ed  steel  bar  freely  suspended,  is  called  a  corrtr 
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pass.    The  one  that  you  have  made  may  be  less  convene 
lent  than  is  the  compass  of  the  mariner  or  the  surveyor,  i 
but  it  is  as  reliable. 

310.  Artificial  Magnets. — The  electro-magnet 
and  the  permanent  magnet  that  you  make  are,  of  course, 
artificial  magnets.  There  is  a  naturaZ  magnet 
known  as  lodestone. 

311.  Other  Forms  of  Current  Electricity.— 

Electric  currents  may  be  generated  by  the  action  of  other 
currents  of  electricity  or  by  the  action  of  magnets.  Elec- 
tricity thus  developed  is  called  induced  electricity.  A 
current  of  thermo-electricity  may  be  generated  by  heating 
the  junction  of  two  metals  that  form  part  or  all  of  a  cir- 
cuit. 

312.  The  DiflFerent  Forms  of  Electricity 
are  Identical. — So  far  as  experiment  can  show,  one 
form  of  electricity  may  have  a  particular  property  in 
greater  degree  than  some  other  form,  but  aU  are  identical, 
each  haying  all  the  properties  of  any  of  the  others. 
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ecapitulation. — To  be  amplified  by  the  pupil  f  of 
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j^Section  II. 

FRICTIONAL  ELECTRICITY  OR  ELECTRIC  CHARGES 

313.  The  Nature  of  Electricity.— But  little  is 
known  concerning  the  real  nature  of  electricity.  It  is 
easier  to  tell  what  electricity  can  do  than  to  tell  what  it 
is.  The  majority  of  modem  physicists  consider  that  deC' 
tricity  is  a  form  of  energy  producing  pecnUar 
phenomena ;  that  it  may  he  converted  into  other 
forms  of  energy  and  that  all  other  formes  of 
energy  may  be  converted  into  it.  It  is  believed  that 
electricity  is  a  form  of  molecular  motion,  but  this  belief 
still  rests  upon  analogy  rather  than  demonstration.  Sev- 
eral theories  have  been  advanced  to  account  for  electrical 
phenomena,  but  none  of  them  is  simple  and  satisfactory. 

314.  Electric  Manifestations.  —  Electricity 
may  reveal  itself  as  a  charge  residing  on  the  sur- 
face  of  a  body  or  as  a  current  flowing  through  its 
substance.  By  means  of  friction,  the  glass  rod  or  the 
sealing-wax  (§§  303,  304)  acquired  an  electrical  chaise 
and,  consequently,  the  power  of  attracting  and  repelling 
light  bodies ;  by  means  of  chemical  action,  the  voltaic  cell 
(§  ^^6)  generated  electricity  that  manifested  itself  as  a 
current.  In  this  section,  we  shall  consider  eUotrioity  that 
appears  as  a  charge,  i.e.,  static  electricity. 
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■  (a.)  The  electrified  body  is  said  to  be  cbarged.  When  the  electric- 
t^  is  remoTed,  the  bod;  is  uiid  to  be  diBch&rged.  (Jood  condudors 
IS3M)  are  inetantlj  discharged  when  touched  by  the  hand,  or  by  an; 
pod  coaductor  coonected  with  the  eartli.  A  poor  conductor  may 
k  i«sdily  discharged  li;  paa^ng  it  rapidly  through  a  Bame,  as  of  a 
Imp  ot  c&tidle. 

Experiment  20. — Prepare  two  electric  pendulums.  Bring  ike 
dectiified  glass  rod  near  the  pith  Itall  of  one ;  after  rontact,  tiit  ball 
*ill  be  repelled  \ef  the  glass.  Bring  the  electrified  eea)ing-wai 
bEM  the  second  pith  ball ;  after  contact,  it  will  l>e  repelled  by  tbe 
ni.  Satisfy  yourself  that  the  electrified  glass  will  repel  the  first ; 
I  Hut  the  electrified  sealing-wax  will  repel  the  second.  Let  the  glass 
nd  and  the  sealing-wax  cliauge  bands.  The  first  ball  was  repelled 
bf  the  glass :  it  wiXl  be  attraeted  iy  the  lealing-teax.  The  second  ball 
wu  repelled  by  the  sealing-wax ;  U  uiUl  be  attraeted  by  the  glan. 

Experiment  21.— Suspend  two  pith  balls  as  shown  in  Fig.  137, 
ind  touch  them  with  a  nibl)ed 
glus  rod.  Instead  of  cou> 
tinaiDg  to  hang  aide  by  side, 
Ai^  repel  each  other  and  fiy 
■pari  If  the  electrified  glass 
nd  be  held  near  them,  they 
teparate  still  fnrther.  If 
tbe  electrified  aealing-waz, 
i>ist«ad  of  the  glass,  be  held 
Dear  them,  they  will  fall 
neater  t^^ther.  It  the 
nibbed  glass  rod  be  sus- 
pended  as  shown  in  Fig.  131, 
it  ndll  be  rt^lled  by  another 
ribbed  glass  rod,  bat  at- 
baoted    by   robbed   sesllDg- 


315.  Two  Kinds  of  Electricity.— 2^6  elec- 
tricity developed  on  glass  is  different  in  kind  from 
that  developed  on.  sealUi^-ivax.  Tliej  exhibited  op- 
posite forces  to  a  third  electrified  body,  each  attracting 
rhat  the  oth^  repelB. 
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Fig.  128. 


Experiment  22. — ^Hold  the  silk  pad  in  a  piece  of  sheet-rublM 
and,  with  it,  rub  the  glass  rod.    Suspend  the  glass  rod  and  bring 

the  silk  pad  near  it.  The  electrified 
pad  will  attract  the  gflass,  bat  wiH 
repel  a  suspended  stick  of  sealing-wax 
tbat  has  been  rubbed  with  flannel 

316.    Electric     Separa- 
tion.— All   electrified    bodies 
act  like  either  the  glass  or  the 
sealing-wax.     When  the  glass 
rod  was  positively  electrified,  an 
equal  amount   of  negative  elec- 
tricity was  simultaneously  devel- 
oped in  the  silk  with  which  it  was  rubbed.    When  the  seal- 
ing-wax was  negatively  electrified,  an  equal  amount  of 
positive  electricity  was  developed  at  the  same  time  in  the 
flannel.    It  is  as  though  the  two  electricities  were  united 
in  these  several  substances  in  their  ordinary  condition  and 
were  torn  asunder  by  the  friction,  thus  producing  actual 
"  electric  separation.** 

{a.)  If  it  be  desired  to  show  that  the  rubber  has  been  electrified, 
care  must  be  taken  not  to  handle  it  too  much.  For  example,  if  seal- 
ing-wax is  to  be  rubbed  with  a  piece  of  fur,  do  not  take  the  fur  in 
the  hand,  but  fasten  it  to  the  end  of  a  glass  rod  as  a  handle. 

(6.)  That  the  electricities  thus  simultaneously  developed  are  op- 
posite in  kind  and  equal  in  amount  may  be  shown  by  imparting 
the  electricity  of  the  rubber  and  the  electricity  of  the  thing  rubbed 
to  a  third  body,  which  wiU  then  show  no  electrification  at  all.  The 
equal  and  opposite  electricities  exactly  neutralize  each  other. 


317.  The  Two  Electricities  Named.— As  the 

two  kinds  of  electricity  are  opposite  in  character,  they 
have  received  names  that  indicate  opposition,  ^e  elec- 
tricity developed  on  glass  by  rubbing  it  mith  siih 
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XB  ccMed  positive  or  +.  The  electricity  developed 
on  sealing-wax  by  rubbing  it  tvith  flannel  is  called 
negative  or  — .  The  terms  vitreous  and  resinous 
respectively  were  formerly  used. 

318.  !Electric  Series.— In  the  following  list,  the  subetances 
are  named  in  sach  an  order  that,  if  any  two  be  rubbed  together,  the 
one  that  stands  earlier  in  the  series  becomes  positivelj  electrified 
ind  the  one  that  is  mentioned  later  becomes  negatively  electrified : 
fitr,  toad,  resin,  gloM,  tUk,  metals,  sulphur,  india-rubber,  guttapercha, 
eoBodian. 

319.  The  Laws  of  Electrostatics.— The  most 
important  electrostatic  laws  may  be  stated  thus : 

(1.)  Electric  charges  of  like  signs  repel  each  other ; 
electric  charges  of  opposite  signs  attract 
ea^h  other. 

(2.)  The  force  exerted  between  two  electric  charges 
is  directly  proportional  to  their  product 
and  inversely  proportional  to  the  square 
of  the  distance  between  them.  This  is  known 
as  Coulomb's  law.  The  two  charges  are  sup- 
posed to  be  collected  at  two  points,  or  on  two 

very  small  spheres.    /  =  ~J2 

(a.)  Suppose  that  a  and  b  are  two  small  balls,  each  charged  with 
a  quantity  of  electricity,  that  we  shall  call  unity.  Then  the  product 
of  the  charges  will  be  1  x  1=1.  Next,  suppose  that  A  and  B  are 
two  similar  balls,  that^  is  charged  with  twice  as  much  electricity  as 
a  and  that,  similarly,  B  has  a  charge  represented  by  3.  The  prod- 
uct of  the  charges  of  A  and  B  will  be  2  x  3=6.  In  other  words,  at 
equal  distances,  the  repulsion  betwtjen  A  and  B  will  be  six  times  as 
great  as  the  repulsion  between  a  and  b. 

(b.)  Suppose  that  two  electric  charges  or  two  small  electrified 
bodies  one  inch  apart  repel  each  other  with  a  certain  force ;  at  a  dis- 
tance of  two  inches,  they  will  repel  each  other  with  a  force  one  quarter 
as  great ;  at  a  distance  of  ten  inches,  they  will  repel  each  other  with 
only  one  per  cent,  of  the  original  force  at  the  distance  of  one  inch. 
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320,  Electrical  Units. — There  are  two  systems  i 
electrical  units  derived  from  the  fandameutal  ^^C.GJ 
units,  one  set  being  based  upon  the  attraction  or  repi 
exerted   between   two  quantities  of  electricity  and 
other  upon  the  force  exerted  between  two  magnet 
The  former  are  termed  electrostatic  units ;  the  latter^ 
tromagnetic  units. 

321.  Electrostatic   Unit   of  Quantity. — 

unit  of  electricity  is  that  quantity  which,  w, 
-placed  at  a  distance  of  one  centimeter  from 
similar  and  equal  quantity,  repels  it  with  a  fores 
of  one  dyne.  It  is  a  C.G.S.  unit-  (§  69)  and  has  no 
special  name. 

i 

{a.)  Two  small  spheres,  charged  respectively  with  6  units  and  8    ' 
units  of  +  electricity,  are  placed  4  cm,  apart ;  find  what  force  thegr 
exert  on  one  another. 

By  the  formula.  /  =  ^ii?,  we  find  /  =  ^  =  ^  =  8. 

cP  4*         16 

Ans,  8  dynes. 

The  force  in  the  above  example  would  clearly  be  a  force  of  repul- 
sion. Had  one  of  these  charges  been  negative,  the  product,  C  ^  ?» 
would  have  had  a  —  value  (algebraic)  and  the  answer  would  have 
been  minus  3  dynes.  The  algebraic  —  sign,  therefore,  prefixed  to 
a  force,  indicates  that  it  is  a  force  of  attraction,  while  the  +  sign 
signifies  a  force  of  repulsion. 

333.  The  Test  for  Either  Kind  of  Elec- 
tricity.— When  the  pith  ball  was  attracted  by  the  rubbed 
glass  it  became,  during  the  time  of  contact,  charged  with 
the  +  electricity  of  the  glass;  hence  it  was  repelled. 
When  it  was  attracted  by  the  rubbed  sealing-wax  it  be- 
came, during  the  time  of  contact,  charged  with  the  — 
electricity  of  the  wax  ;  then  it  was  repelled.    But  either 
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ilie  wax  or  the  glass  attracted  the  uncharged  pith  hall. 
We  must,  therefore,  remember  that  attraction  affords 
no  safe  test  for  the  hind  of  electricity ,  ivhile  re- 
pulsion does.  If  glass  nibbed  with  silk  repels  a  body, 
i  that  body  is  charged  with  +  electricity.  If  sealing-wax 
Tabbed  with  flannel  repels  a  body,  that  body  is  charged 
with  —  electricity. 

323.  Electroscopes* — *dn  instrument  used  to 
detect  the  presence  of  electricity,  or  to  determine 
its  kindy  is  called  an  electroscope.  The  electric  pen- 
dulum (§  304)  is  a  common  form  of  the  electroscope. 
Two  strips  of  the  thinnest  tissue  paper  hanging  side  by 
side  constitute  a  simple  electroscope.  It  is  well  to  prepare 
the  paper  beforehand  by  soaking  in  a  strong  solution  of 
salt  in  water  and  drying. 
The  balanced  straw  (Fig. 
119)  or,  better  yet,  two 
gilded  pith  balls  connected 
by  a  light  needle  of  glass 
or  sealing-wax  balanced 
horizontally  on  a  yertical 
pivot,  or  a  goose-quill 
balanced  on  the  point  of 
a  sewing-needle,  makes  a 
convenient  electroscope. 

The  gold  leaf  electro- 
scope   is   represented    in 

Pig.  129.  A  metallic  rod,  which  passes  through  the  cork 
of  a  glass  vessel,  terminates  below  in  two  narrow  strips  of 
gold  leaf  and  above  in  a  metallic  knob  or  plate.  The 
object  of  the  vessel  is  to  protect  the  leaves  from  disturb- 
ance by  air  currents     The  upper  part  of  the  glass  is  often 


Fig.  i2«^. 
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coated  with  a  solution  of  sealing-wax  or  shellac  in  alcoho^j 
to  lessen  the  deposition  of  moisture  from  the  atmospherifj 
This  instrument  may  be  made  by  the  pupil  and,  wl 
well  made,  is  very  delicate. 

{a.)  The  electric  pendulum  is  used  as  an  electroscope  as  followi;: 
If  an  uncharged  pith  ball  he  attracted  by  a  body  brought  near  % 
the  body  is  electrified.  To  determine  the  sign  of  the  electricity  d 
the  body  thus  shown  to  be  electrified,  the  pith  ball  is  allowed  to 
touch  it  and  be  repelled.  If  the  ball  then  be  repelled  by  a  glass  rod 
rubbed  with  silk  (or  by  any  other  body  known  to  be  positivdj 
charged),  the  pith  ball  and  the  body  in  question  manifest  +  elec- 
tricity. If  the  pith  ball,  after  repulsion  by  the  body  whose  elec. 
tricity  is  under  examination,  be  repelled  by  sealing-wax  rubbed  with 
flannel  (or  by  any  other  body  known  to  be  negatively  charged),  the 
pith  ball  and  the  body  in  question  manifest  —  electricity.  Remem- 
ber that  the  repulsion  and  not  the  attraction  constitutes  the  test. 

(&.)  One  way  of  testing  with  the  gold  leaf  electroscope  is  to  bring 
the  electrified  body  near  the  knob ;  the  leaves  will  diverge.  Touch 
the  knob  with  the  finger ;  the  leaves  will  fall  together.  Remove  first 
the  finger  and  then  the  electrified  body ;  the  leaves  will  diverge 
again.  If  now  the  divergence  of  the  leaves  be  increased  by  bring- 
ing a  positively  charged  body  near  the  knob,  the  original  charge 
was  —  ;  if  the  divergence  be  thus  diminished,  the  original  charge 
was  +. 

(c.)  The  knob  and  rod  of  the  gold  leaf  electroscope  may  be  made 
by  soldering  a  wire  to  a  smooth  metal  button.  The  vessel  may  be 
any  clear  glass  bottle  with  a  wide  mouth.  Thrust  the  wire  down- 
ward through  the  cork  of  the  bottle  and  bend  the  wire  at  right 
Angles,  so  that  when  the  cork  is  in  place  the  horizontal  part  of  the 
wire  shall  be  about  |  inch  long  and  come  just  below  the  shoulder  of 
the  bottle.  Cut  a  strip  of  gold  or  Dutch  leaf,  4  inches  long  and  ) 
inch  wide  and  paste  it  at  its  middle  line  to  the  horizontal  part  of  the 
wire,  so  that  the  two  halves  of  the  strip  shall  hang  downward  facing 
each  other.  See  that  the  cork  is  perfectly  dry  ;  heat  the  bottle  until 
it  is  perfectly  dry ;  insert  the  cork  firmly  in  its  place,  and  pour 
melted  sealing-wax  over  the  cork  and  around  the  mouth  of  the 
bottle  so  that  no  moisture  can  get  into  your  electroscope.  If  you 
cannot  get  the  gold  or  Dutch  leaf  (try  at  some  good-natured  dentist's 
dr  sign  painter's),  use  two  discs  of  gilt  paper  as  large  as  the  mouth 
of  your  bottle  will  admit  and  tie  them  to  the  wire  by  very  short 
cotton  or  linen  threads. 
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Experiment  23. — ^From  a  horizontal  glass  rod  or  tightly-stretched 

^Ik  cord,  suspend  a  fine  copper  wire,  a  linen  thread  and  two  silk 

threads,  each  at  least  a  meter  long.     To  the  lower  end  of  each,  at< 

tMh  a  metal  weight  of  any  kind.    Place  the  weight  supported  by 

the  wire  upon  the  plate  of  the  gold  leaf  electroscope.     Bring  th9 

electrified  glass  rod  near  the  upper  end  of  the  wire ;  the  gold  leaves 

iMtantly  diverge.    Repeat  the  experiment  with  the  linen  thread ;  in 

lUtUe  vJhUe  the  leaves  diverge.     Repeat  the  experiment  with  the 

dry  silk  thread ;  the  leaves  do  not  diverge  at  all.    Rub  the  rod  upon 

the  upper  end  of  the  silk  thread ;  no  divergence  yet  appears.    Wet 

the  second  silk  cord  thoroughly  and,  with  it,  repeat  the  experiment ; 

the  leaves  then  diverge  in^anMy, 

Experiment  24. — Support  a  yard  stick  or  common  lath  upon  a 
glass  tumbler.  Bring  the  glass  rod,  electrified  by  rubbing  it  with 
silk,  to  one  end  of  the  stick  and  hold  some  small  pieces  of  gold  leaf 
or  paper  under  the  other  end  of  the  stick.  The  gold  leaf  or  paper 
will  be  attracted  and  repelled  by  the  stick  as  it  previously  was  by 
the  glass  itself.    The  eleetricUy  passed  along  the  stick  from  end  to  endt 


3l2t4:.  Conductors. — Such  experiments  clearly  show 
that  some  substances  transmit  electricity  readily  and 
that  others  do  not.  Those  that  offer  little  resistance 
to  the  passage  of  electricity  are  called  conductors ; 
those  that  offer  great  resistance  are  called  non- 
conduLctors  or  insulators,  A  conductor  supported  by  a 
non-conductor  is  said  to  be  insulated. 

((Z.)  In  the  following  table,  the  substances  named  are  arranged  in 
the  order  of  their  conductivity : 


Conductors, 

1.  Metals. 

2.  Charcoal. 
8.  Graphite. 
4.  Adds. 


5.  Salt  water. 

6.  Fresh  water. 

7.  Vegetables. 

8.  Animals. 

9.  Linen. 


10.  Cotton. 

11.  Dry  wood. 

12.  Paper. 

13.  Silk. 

14.  India  rubber. 


Porcelain. 
Glass. 

Sealing-wax. 
Vulcanite. 
Insulators. 


(6.)  The  fact  that  a  conductor  in  the  air  may  be  insulated,  showt 
that  air  is  a  non-conductor.  Dry  air  is  a  very  good  insulator  (at 
least  10**  times  as  good  as  copper),  but  moist  air  is  a  fairly  good 
conductor  for  electricity  of  high  potential.  All  experiments  in  frie- 
tumal  electricity  should,  therefore,  he  performed  in  dear,  cold  weather 
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when  the  atmosphere  is  dry,  for  a  moist  atmosphere  renders  ii 
tion  for  a  considerable  len^irth  of  time  impossible. 

(c.)  A  simple  waj  of  determining  experimentallj  whether  a  bo^l 
a  good  conductor  or  not  is,  to  hold  it  in  the  hand  and  touch  the 
of  a  charged  gold  leaf  electroscope  with  it.    If  the  substance  he. 
good  conductor,  the  electroscope  will  be  quickly  discharged. 

Experiment  25. — Suspend  a  copper  globe  or  other  metal  body  hji 
a  silk  thread  and  strike  it  two  or  three  times  with  a  cat's  skin 
fox's  brush.    Bring  the  gold  leaf  electroscope  near  the  globe, 
leaves  will  diverge. 

325.  Electrics. — t^ny  substance,  when  insulated, 
may  be  sensibly  electrified ;  but  when  an  uninsulated 
conductor  is  rubbed,  the  electricity  escapes  as  fas^ 

# 

as  it  is  developed.  The  old  division  of  bodies  into  elec- 
trics and  non-electrics,  or  bodies  that  can  be  electrified 
and  those  that  cannot  be  electrified,  is  nothing  more  than 
a  division  into  conductors  and  non-conductors, 

336.  Tension. — Electricity  exists  under  widely  dif- 
ferent conditions  with  respect  to  its  ability  to  force  its 
way  through  a  poor  conductor  or  to  leap  across  a  gap. 
The  electricity  developed  in  a  voltaic  cell  will  not  pass 
through  even  a  very  thin  piece  of  dry  wood ;  the  elec- 
tricity developed  by  rubbing  the  glass  rod  will  pass  through 
several  feet  of  dry  wood.  It  would  require  a  battery  of 
many,  cells  to  force  a  current  across  an  air-filled  gap  of 
iJoy  of  an  inch.  It  is  not  difficult  to  force  frictional 
electricity  across  a  gap  of  several  inches,  while  we  all  know 
that,  in  the  case  of  lightning,  electricity  leaps  across  a 
gap  of  many  hundred  feet  In  the  one  case,  the  electriciiy 
is  said  to  be  of  low  potential ;  in  the  other  case,  it  is  said 
to  be  of  high  potential.  The  terms  "low  tension"  and 
**high  tension*'  are  often  used  in  the  same  sense. 
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327.  Potential, — The  term,  electrical  potential  (or 
iply  potential),  has  reference  to  the  electrical  condition 
a  body,  or  to  its  degree  of  electrification.    If  the  poten- 

of  ^  be  higher  than  that  of  -5  and  the  two  bodies  be 

mnected   by  a  good  conductor,   an  electric  current 

flow  from   A    to   B   until    the  potentials    are 

like.    Difference  of  potential  is  somewhat  analogous  to 

Terence  of  liquid  level  and  giyes  rise  to  electromotive 

[force. 

(a.)  The  electric  condition  of  the  earth  is  sometimes  taken  as  the 
lero  of  potential.  The  electric  condition  of  other  bodies  is  then 
described  as  being  a  certain  nnmber  of  units  above  or  below  zero  ,- 
u.,  as  being  +  or  — .  In  determining  the  flow  of  liquids,  it  is  not 
necessary  to  know  the  height  of  either  reservoir  above  the  earth's 
Centre  or  above  the  sea  level,  but  only  the  head  or  difference  of 
liquid  level.  Similarly,  the  difference  of  potential  is  what  determines 
the  direction  and  strength  of  an  electric  current  flowing  through  a 
given  conductor. 

328,  Diflference  of  Potential.— :77i^e  difference 
of  potential  between  two  points  represents  the  icorh 
that  must  he  done  in  carrying  a  +  unit  of  electricity 
(§321)  from  one  point  to  the  other.  The  work  done 
will  be  the  same^  whatever  the  path  along  which  the  unit 
is  moved  from  one  point  to  the  other.  Similarly,  the 
work  done  in  lifting  a  weight  from  one  point  to  another 
at  a  higher  level  will  be  the  same  whatever  tiie  path  along 
which  the  weight  is  lifted. 

329.  Electrostatic  Unit  of  Difference  of 
Potential. — The  unit  of  difference  of  potential  is 
that  which  exists  between  two  points,  when  it  re- 
fuires  the  expenditure  of  one  erg  to  bring  a  unit 
if  +  electricity  from  one  point  to  another  against 
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the  electric  force.    Let  ^  be  a  small  sphere  positive 
electrified  and  P  and  Q,  two  points  at  different  distam 

from   A,      If  Q  is  just  so 

X' "  *-,,  from  P  that  it  requires  one  eq| 

,^        '\  of  work  to  push  a  unit  of  -fj 

/      /  *\      \        electricity  from   §  to  P,  therej 

I       i        •        t      t        will  be  unit  difference  of  poten- 

tial  between  P  and    Q,     This 
" '       ./  unit  has  no  special  name. 


{a.)  Let  P  and  Q  be  in  the  oater 

Fig.  130.  surfaces  of  concentric,  spherical,  shells 

at  the  centre  of  which  is  -4.  To  move 
the  +  unit  from  one  point  in  either  of  these  surfaces  to  any  other 
point  in  the  same  surface  requires  no  further  overcoming  of  elec- 
tric forces  and,  therefore,  no  expenditure  of  work.  Such  a  snr&ce 
is  called  an  equipotenticd. surf  ace, 

330.  Electric  Capacity. — Bodies  vary  in  respect 
to  their  capacity  for  holding  or  accumulating  electricity. 
The  electrostatic  unit  of  capacity  is  the  capacity 
of  a  conductor  that  requires  a  charge  of  one  unit 
of  electHcity  to  raise  its  potential  from  zero  to 
unity.  It  has  no  special  name.  A  sphere  of  one  centi- 
meter radius  has  unit  capacity.  The  capacities  of  spheres 
are  proportional  to  their  radii.     (See  §  359.) 

(a.)  A  small  conductor  (e.g,,  a  sphere  the  size  of  a  pea)  will  requiie 
less  than  one  unit  to  raise  its  potential  from  0  to  1 ;  it  is  of  small 
capacity.  A  sphere  five  meters  in  diameter  will  require  many  units 
to  raise  its  potential  from  0  to  1 ;  it  is  of  p-reat  capacity.  In  other 
words,  the  electrostatic  capacity  of  a  conductor  or  condenser  is 
measured  by  the  quantity  of  electricity  which  must  be  imparted  to 
it  in  order  to  raise  its  potential  from  0  to  1. 

331.  Cliarging  by  Contact. — If  an  insulated,  un- 
electrified  conductor  be  brought  into  contact  with  a  simi- 
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kr  conductor  that  is  electrified^  or  near  enough  to  it  for 
the  easy  passage  of  an  electric  spark,  electricity  will  pass 
ifrom  the  latter  to  the  former  until  the  two  conductors  are 
equally  charged  with  the  same  kind  of  electricity,  tVe.,  un- 
til they  are  of  the  same  potential.  The  former  is  said 
to  be  charged  by  condiuetion, 

33!3.  Electrostatic  Ihdnctloii.— Prom  several  of 
the  preceding  experiments,  we  see  that.actual  contact  with 
an  electrified  body  is 
not  necessary  for  the 
manifestation  of  electric 
action  in  an  unelectri- 
fied  body.  When  an 
electrified  body,  (7,  is 
brought  near  an  insu- 
lated, unelectrified  con- 
ductor. By  provided 
with  electric  pendu- 
lums, as  shown  in  Pig.  131,  the  latter  shows  electric  ac- 
tion. The  electricity  of  C  repels  one  kind  of  electricity 
in  B  and  attracts  the  other,  thus  separating  them.  The 
second  body,  B^  is  then  said  to  be  polarized. 

The  two  kinds  of  electricity  in  B,  each  of  which  a  mo- 
ment ago  rendered  the  other  powerless,  are  still  there,  but 
they  have  been  separated  and  each  clothed  with  its  proper 
power.  This  effect  is  due  to  the  action  of  the  electrified 
body,  Gy  which  is  said  to  produce  electric  separation  by 
induction.  This  action  will  take  place  across  a  consider- 
able distance,  even  if  a  large  sheet  of  glass  be  held  be- 
tween B  and  C.  When  C  is  removed,  the  separated  elec- 
tnciHea  ol  B  Again,  mingle  and  neutralize  each  other. 


Fig.  131. 
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(a.)  Condactors  for  the  purposes  of  this  and  similar  experimeuti 
may  be  made  of  wood,  covered  with  tin-foil,  gold  leaf  or  Dutdi 
leaf.  They  may  be  insulated  by  fastening  them  on  top  of  long- 
necked  bottles  or  sticks  of  sealing-wax,  or  by  suspending  them  by 
silk  threads. 

Q>,)  Prick  a  pin-hole  in  each  end  of  a  hen's  egg  and  blow  out  the 
contents  of  the  shell.  Paste  tin-foil  or  Dutch  leaf  smoothly  over 
the  whole  surface  of  the  egg.    Fasten  one  end  of  a  white  silk  thread 

to  the  egg  with  a  drop 
of  melted  sealing-wax, 
00  that  the  egg  may 
bang  suspended  with  its 
greater  diameter  hori- 
zontal. Three  or  four 
such  insulated  condac- 
tors win  be  found  con- 
venient. Sometimes,  it 
is  better  for  each  egg  to 
have  two  thread  sup- 
ports. Place  a  loop  or 
ring  at  the  free  end  of 
each  thread.  When  the  loops  are  placed  on  a  horizontal  rod  {e.g,,  a 
piece  of  glass  tubing),  the  greater  diameters  of  the  suspended  eggs 
should  lie  in  the  same  straight  line.  An  elongated  conductor  like 
AB  of  Fig.  133  may  be  made  by  hanging  two  or  three  egg  con- 
ductors, so  that  they  are  in  contact,  as  shown  in  Fig.  182. 

Experiment  26. — While  the  charged  glass  rod  is  held  near  the 
egg  conductors,  shown  in  Fig.  132,  bring  a  pith  ball  electroscope 
near.  The  attraction  will  be  evident  at  the  free  ends  of  the  two 
eggs,  but  very  little,  if  any,  will  be  found  at  or  near  the  point 
where  the  eggs  are  in  contact. 

333.  A  Neutral  Line. — If  an  insulated  conductor, 
bearing  a  number  of  pith  ball  (or  paper)  electroscopes,  be 
brought  near  an  electrified  body,  C,  (Fig.  133),  but  not 
near  enough  for  a  spark  to  pass  between  them,  the  pith 
balls  near  the  ends  of  the  conductor  will  diverge,  showing 
the  presence  of  separated  or  uncombined  electricity.  The 
pith  balls  at  the  middle  of  the  polarized  conductor  will  not 
diverge,  marking  thus  a  neutral  line.     If  C  has  a  positive 
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charge^  the  charge  at  A  will  be  negative  and  thafc  at  B 
will  be  positive,  as  may  be  shown  by  charging  an  electric 
pendulum  and  testing  at  A  and  B. 


Fig.  133. 

If  0  be  removed  c^Mischarged  ^'  by  touching  it  with 
the  hand,  all  traces  01  electrical  separation  in  A  B  will 
disappear.  The  charged  pith  ball  will  be  attracted  at 
every  point  of  A  B. 

Experiment  27.— -While  the  charged  glass  rod  is  held  near  the 
egg  conductors  shown  in  Pig.  132,  slide  the  loop,  carrying  A  about 
4  inches  (10  cm,)  to  the  left  and  then  hold  the  rod  between  the  two 
eggs.     TJie  rod  mU  repel  one  egg  and  attract  the  other. 


334,  Charging  a  Body  by  Induction.— If  the 

polarized  conductor  be  touched  with  the  hand,  or  other- 
wise placed  in  electric  communication  with  the  earth,  the 
electricity  repelled  by  O  (Fig.  133)  will  escape,  and  the 
pith  balls  at  B  will  fall  together.  The  electricity  at  the 
other  end  will  be  held  by  the  mutual  attraction  between 
it  and  its  opposite  kind  at  O.  The  line  of  communica- 
tion with  the  ground  being  broken   and  the  conductor 
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being  removed  from  the  vicinity  of  (7,  it  will  be  found 
charged  with  electricity  opposite  in  kind  to  that  of  01 

A  body  may  be  thus  charged  by  induction  luiik 
no  loss  to  the  inducing  body.  If  the  conductor,  AB,  ■ 
be  made  in  two  parts  and  the  pai-ts  separated,  while 
under  the  inductive  action  of  the  electrified  body,  C,  the 
two  electricities  can  no  longer  return  to  neutralize  eaci 
other,  but  must  remain,  each  on  its  own  portion  of  the 
conductor.    The  two  parts  will  thus  be  oppositely  charged.   ■ 

335.  Successive  Induction, — If  a  series  of  insu- 
lated conductors,  like  the  egg  shells  of  Fig.  132,  be  placed 
in  line  as  shown  in  Fig.  134,  and  a  positively  electrified 
c 


Fig.  134. 

body  be  brought  near,  each  conductor  will  be  polarized. 
The  first  will  be  polarized  by  the  influence  of  the  +  of 
0\  the  second  by  the  influence  of  the  +  of  3f,  and  so  on. 

(a.)  Either  kind  of  electricity  may  be  carried  from  If  or  JV  by  a 
smaU  insulated  body,  called  a  proof-plane  (Fig.  189),  to  the  elec- 
troscope, there  tested  and  found  to  be  as  represented  in  the  figure. 
If  the  conductors,  2f  and  iT,  be  now  placed  in  actual  contact,  the  + 
of  both  will  be  repelled  by  C^  to  the  furthest  extremity  of  N  and 
the  —  of  both  will  be  attracted  to  the  opposite  end  of  M,  near  to  C, 


PRICTIONAL  ELECTRICITT.  207 

(&.)  It  18  very  plain  that  anj  bodj  ma7  be  looked  apon  as  a  colle» 
Uon  of  many  parallel  series  of  such  conductors,  each  molecule  rop* 
resenting  a  conductor.  Thus,  each  molecule  may  bo  polarized,  + 
Kt  one  end  and  —  at  the  other.  If  the  body  in  question  be  a  good 
conductor  of  electricity,  this  polarization  of  the  molecules  is  only  for 
an  inatant.  The  two  electricities  pass  from  molecule  to  molecule 
and  aocumnlate  at  opposite  ends  of  the  body.  The  body  is  then 
polarized,  but  not  the  molecules  of  the  body.  On  the  other  hand, 
good  insulators  resist  this  tendency  to  transmit  the  electricities  from 
molecale  to  molecule  and  are  able  to  maintain  a  high  degree  of 
molecalar  polarization  for  a  great  length  of  time.  In  brief,  the 
molecules  of  conductors  easily  discharge  their  electricities  into  each 
other ;  those  of  non-conductors  do  not. 

336.  Polarizatioii    Precedes   Attraction. — 

When  an  electrified  glass  rod  is  brought  near  an  electric 

pendulum^  the  pith  ball  is  polarized 

as  shown  in  the  figure.     As  the  — 

electricity  of  the  ball  is  nearer  the  + 

of  the  glass  than  is  the  +  of  the  hall^ 

the  attraction  is  greater  than  the  re- 

®  Fig.  135. 

pulsion.     If  the  pith  ball  be  sus- 
pended;  not  by  a  silk  thread  but  by  some  good  conductor, 
the  attraction  will  be  more  marked,  for  the  +  of  the  ball 
will  escape  to  the  earth  through  the  support  and,  thus,  the 
repelling  component  will  be  removed. 

2^aie. — Polarization  and  electrification  hy  iDduction  explain  a  great 
many  electrical  phenomena. 

337.  Provisional   Theory  of  Electricity.— 

While  the  real  nature  of  electricity  remains  unknown,  the 
following  theory  will  be  found  convenient  for  classifying 
results  already  attained  and  suggesting  directions  for  fur- 
ther inquiry.  But  we  must  not  let  it  influence  our  judg- 
ment as  to  what  is  the  true  and  full  explanation  of  eleC' 
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trical  phenomena,  which  explanation  may  be  found  here- 
after : 

(1.)  We  may  assume  that  a  neutral  or  unelectrU 
fied  body  contains  equal  and  equally  dU* 
tributed  quantities  of  positive  and  of  negcu 
tive  electricities, 

(2.)  We  may  assume  these  electricities  to  he  un* 
limited  in  amount, 

(3.)  We  shall  then  conceive  that  a  positively  eieo 
trifled  body  has  an  excess  of  +  electricity 
and  that  a  negatively  electrified  body  has 
an  excess  of —  electricity, 

(4.)  In  this  light,  we  shall  see  that  communis 
eating  -f  electricity  to  a  body  is  equiva- 
lent  to  removing  an  equal  amotunt  of  — 
electricity  from  it,  and  conversely. 

338.  The  Electrophorvis.— This  simple  instru* 
ment  consists  generally  of  a  shallow  tinned  pan  filled  with 
resin,  on  which  rests  a  movable  metallic  cover  with  a  glass 
or  other  insulating  handle.  The  resinous  plate  may  be 
replaced  by  a  piece  of  vulcanized  india-rubber.  The  metal 
surface  and  the  resinous  surface  touch  at  only  a  few 
points ;  they  are  practically  separated  by  a  thin  layer  ol 
insulating  air. 

{a.)  The  resinous  plate  may  be  prepared  by  melting  togethei 
equal  quantities  of  resin  and  Venice  turpentine  and  then  adding  a 
like  quantity  of  shellac.  The  substances  should  be  heated  gradually 
and  stirred  together  so  as  to  prevent  the  forming  of  babbles.  Be 
careful  that  the  mixture  does  not  take  fire  in  course  of  preparation. 
The  Venice  turpentine  is  desirable,  but  not  necessary.  For  a  handle, 
a  stout  wire  may  be  soldered  to  the  centre  of  the  disc  and  covered 
with  rubber  tubing,  or  a  piece  of  sealing  wax,  of  convenient  size, 
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»;  be  fitstened  to  the  disc  for  the  purpose.     A  still  better  plan  ii 

Id  make  the  cover  of  wood,  a.  little  leas  in  diameter  than  the  rcBinoua 

fhte.     Ita  edges  should  be  carefiillj  rounded  oS.     For  a  liandlo,  a 
0UB  lod  OT  tube  maj  he  tighClT' 
AuoBt  or  cemented  into  a  hole  in 

'  lb  middle  of  the  cover.     Place  tin- 

'  Ul  all  over  the  cover  and  smooth 
down  all   rough  edicts  of  tbe  ftnl 

i  irith  the  ficger-nul  or  paper-folder. 

I  The  wire  support  for  a  pith  ball  ur 
paper  electroscope  ma;  be  thrust 
into  the  wood  of  the  cover,  care  be- 
ing taken  that  it  tonches  the  tin- 

m. 

p.)  For  an  electroscope  for  the 
dectrophorus,  provide  a  hit  of  wire 
about  8  cm.  long  and  bend  it  at 
rigtt  aoglea  aboat  1  em,  &om  each 
Old.  Solder  one  of  the  beut  aims 
of  the  wire  (see  Appendix  B)  to 
the  Dpper  side  of  the  metal  cover,  near  ita  edge,  in  such  a  waj  that 
Ike  central  part  of  the  wire  shall  be  vertical.  Cut  a  atrip  of  gold 
W(or  I>ut«li  metal)  about  8  cm.  long  and  8  mm.  wide.  Moisten 
fte  aidea  of  the  free  horizontal  wire-arm  with  a  little  mucilage, 
plaee  the  middle  of  the  gold-leaf  strip  over  the  top  of  the  arm  and 
bring  the  ends  of  the  leaf  down  to  a  vertical  position,  toucliing  each 
other.  The  mucilage  wll  hold  the  leaf  to  the  wire.  When  tlio 
Wire  support  and  gold  leaves  are  electrified,  the  latter  wilt  diverge. 
When  liie  apparatus  Is  not  in  use,  this  electroscope  may  he.  prutectej 
1^  inverting  a  tnmbler  or  beaker  glass  over  it, 

(o.)  The  plate  is  rubbed  or  struck  with  flannel  or  calskin  and 
thus  negatively  electrified.  The  cover  is  then  placed  upon  the  rcein 
and  thus  polarized  bj  induction.  If  the  cover  be  provided  with  a 
gold-leaf  electroBcope,  the  free  negative  electricity  of  the  cover  will 
cause  the  leaves  to  diverge  ;  the  positive  electricity  of  the  cover 
will  be  "bound"  on  the  under  side  of  the  cover  by  the  atfrocllon 
of  the  n^ative  elcctrldty  of  the  resin.  Remove  the  cover  and  the 
Bepfljated  electricities  reunite,  as  is  shown  by  the  fcUIng  together  of 
the  lately  divergent  gold  leaves.  Place  the  cover  agwn  upon  the 
resin.  Polartzatton  is  manlfeBted  by  the  divergence  of  the  leaves. 
ToDoh  the  cover  with  the  finger  as  shown  in  the  figure;  the  — 
electricity  escapee  and  the  leaves  fall.  The  cover  is  now  charged 
poaitiTelj,  but  its  electricity  is  all  "bound"  at  ita  under  snrfacd 
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uid  cannot  cause  the  leaves  to  eeparat«.  BemoTS  the  cover  hj  Hi 
insulatiiig  handle  and  the  electricity,  lately  "  bonnd "  bat  now 
"  free,"  difliisee  itself  and  the  leaves  are  divergeat  with  -I-  elec> 
tridtf.  The  charged  cover  wUI  give  a  Hpark  to  the  kunclde  or  ottu» 
nnelectrlfled  body  presented  to  it.     (Bg.  137.) 

339.  The  Electrophorus  Charged  by  lodac- 
tion. — The  cover  may 
be  thus  charged  and 
discharged  an  indefi- 
nite nnmher  of  times, 
in  favorable  weather, 
without  a  second  elec- 
trifying of  the  resiDom 
plate.  This  could  not 
happen  if  the  electricity 
of  the  cover  were  drawn 
from  the  plate.  More- 
over, if  the  charge  of 
the  cover  were  drawa 
irom  tho  plate,  it  would 
be  — ,  and  not  -f. 
There  is  no  escape  from 
the  conclusion  that  the 
cover  is  charged  by  induction  and  not  by  condu^ion. 

(a.)  If  the  Teein  were  e.  good  conductor  like  the  metal  cover,  its 
molecules  would  all  receive  +  electricity  from  the  cover  and  give 
—  electricity  to  it.  But  as  the  resin  is  a  poor  conductor,  only  the 
very  few  moleculeB  that  come  in  actual  contact  with  the  cover  at 
each  charging  tave  their  electrical  equilibrium  restored.  The  + 
of  the  cover  cannot  readily  pass  through  them  to  their  electrified 
neighbors.  Hence,  it  requires  a  great  many  placings  of  the  cover 
upon  the  plate  to  discharge  the  resin  by  reconveying  to  it  the  + 
electricity  removed  at  its  electrification.  When  the  cover  is  charged. 
It  gives  up  part  of  ita  —  electridty ;  when  it  is  diachMged,  it  i9 
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celyes  this  —  electrldt j  back  again  from  the  body  that  discharges 
H.    As  this  giving  and  taking  is  neither  to  nor  from  the  resin,  it 
maybe  continued  almost  indefinitely.    A  Leyden  jar  (§  353)  may  be 
diarged  with  an  electrophorus. 

340.  Whence  this  Energy? — At  every  discharge 
of  the  electrophorus,  it  gives  a  definite  amount  of  elec- 
tricity, capable  of  doing  a  definite  amount  of  work.  As 
this  is  obtained  not  by  the  expenditure  of  any  part  of  the 
original  charge,  we  are  led  to  seek  for  the  source  of  this 
apparently  unlimited  supply  of  energy. 

'^  As  a  matter  of  fact,  it  is  a  little  harder  work  to  lift 
the  cover  when  it  is  chai-ged  with  the  +  electricity  than 
if  it  were  not  charged,  for,  when  charged,  there  is  the 


Fig.  138. 

force  of  electric  attraction  to  be  overcome  as  well  as  the 
force  of  gravity.  Slightly  harder  work  is  done  at  the  ex- 
pense of  the  muscular  energies  of  the  operator  and  this  is 
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the  real  origin  of  the  energy  stored  ap  in  the  se 
charges." 

Experiment  38. — loBolate  a  metal  globe  and  provide  it  with  m  fe 
eloself  fitting  hc^miapherical  sbells  that  have  iasulating  handlttL 
Etectrily  the  globe  ;  bring  it  near  tbe  electroscope  to  be  sure  thatitiil 
electiiSed.  Place  tlie  liemiapbereB  upon  tbe  globe.  Beiuove 
qoicklf,  being  careful  tliat  tbeir  edges  do  not  touch  the  a 
after  the  first  KopiiratioD.  (Fig.  138.)  Bring  first  one  ebell  aad  tha  1 
the  other  near  tbeelectroscniie;  tbej- are  elsctiified.  Bring  the^obt  I 
itself  near  the  electroscope.  It  is  ao  longer  electrified.  Deli<!al*  I 
mauipulatiOD  is  needed  to  make  tbe  esperiment  BucceasFul.  Yoi  I 
will  fell,  perhapB,  more  times  than  70U  succeed.  But  when  ths  ] 
experiment  is  successful,  it  19  instructive.  The  apparatus  is  catltd 
Kot's  hemiBpheres. 


Experiment  29.^ — B7  means  of  a  few  sparks  from  the  electro 
phorua,  charge  an  insulated  hollow  sphere,  having  aa  orifice  in  thi 
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top.  Bring  a  proof -plane  (made  by  fSastening  a  disc  of  gilt  paper  to 
a  long,  thin  insnlating  handle)  into  contact  with  the  outer  surface 
of  the  sphere.  The  proof-plane  is  charged  by  the  sphere,  as  may  be 
shown  by  bringing  it  near  an  electroscope.  Discharge  the  proof- 
plane  and  bring  it  into  contact  with  the  inner  surface  of  the  sphere. 
Hemoye  it  carefully  without  allowing  it  to  touch  the  sides  of  the 
orifice.  Bring  it  to  the  electroscope.  It  is  twt  charged.  (Fig.  189.) 
An  empty  tin  fruit  can  supported  on  a  dean,  dry,  glass  tumbler  will 
answer  for  the  experiment. 

Experiment  30. — Make  a  conical  bag 
d{  linen,  supported,  as  shown  in  Fig. 
140,  by  an  insulated  metal  hoop  five  or 
six  inches  in  diameter.  Charge  the  bag 
with  the  electrophorus.  A  long  silk 
thread  extending  each  way  from  the 
apex  of  the  cone  will  enable  you  to  turn 
the  bag  inside  out  without  discharging 
it.  Test  the  Inside  and  outside  of  the 
bag,  using  the  proof-plane  described 
above.  Turn  the  bag  and  repeat  the 
test.  Whichever  surface  of  the  linen  is 
external,  no  electricity  can  be  found  upon 
the  inside  of  the  hag.  Nothing  can  be 
more  conclusive  than  this. 


Fig.  140. 


Experiment  31. — ^Vary  the  experiment  by  the  use  of  a  iiat  sus- 
pended by  silk  threads.  Notice  that  the  greatest  charge  can  be 
obtained  from  the  edges ;  less  from  the  curved  or  flat  surface ;  none 
<rom  the  inmde. 


341.  A  Charge  Resides  on  the  Surface.— 

Many  experiments  have  been  made  showing  tliafc  when  a 
conductor  is  electrified,  the  electricity  passes  to  the 
surface  and  escapes  if  the  body  be  not  insulated. 
A  bomb-shell  and  a  cannon  ball  of  equal  diameter  will 
receive  equal  quantities  of  eloctrioity  from  the  same  source. 
The  hollow  conductors  commonly  used  in  experiments  with 
static  electricity  are  as  serviceable  as  if  they  were  solid. 
A.  wooden  prime  conductor  coated  with  gold-leaf  is  ai 
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efficient  as  if  it  were  made  of  solid  gold.    Experiment  iff 
unable  to  find  any  difference  in  this  respect  between  a 
solid  sphere  of  metal  and  the  thinnest  soap-bubble  of  the  \ 
same  diameter. 

(a.)  This  does  not  apply  to  an  electric  carrent.  A  hoUow  wir 
will  not  conduct  electricity  as  weU  as  a  solid  wire  of  the  sami 
diameter.  Electricity  may  be  drawn  to  the  inside  of  a  hollow  con* 
dactor  by  placing  there  an  electrified,  insulated  body. 

(&.)  The  linen  bag  of  Experiment  30  was  devised  by  Michael 
Faraday,  but  his  most  striking  experiment  was  made  with  a  wooden 
cage,  measuring  12  feet  each  way,  covered  with  tin-foil,  insulated 
and  charged  by  a  powerful  electric  machine.  He  carried  his  most 
delicate  electroscopes  into  this  cage.  Large  sparks  and  brushes 
were  darting  oflF  from  every  part  of  the  outer  surface,  but  the  phil- 
Mopher  and  his  sensitive  instruments  within  the  cage  failed  to 
detect  the  least  electric  influence. 

Experiment  32. — Place  a  carrot  horizontally  upon  an  insulating 
support.  Into  one  end  of  the  carrot,  stick  a  sewing-needle.  Bring 
the  electrified  glass  rod  near  the  point  of  the  needle  without  touching 
it.  The  —  electricity  of  the  carrot  quietly  escapes  from  the  point 
to  the  rod  and  the  carrot  is  charged  with  the  +  electricity  that 
remains. 

343.  Density. — Experiments  show  that  wbeii  a  spher 
ical  conductor  is  charged,  the  electricity  is  evenly  di& 
tributed  over  the  surface,  provided  no  other  electrified 
body  be  near  to  affect  the  distribution  by  induction.  The 
electric  density  (or  number  of  electrical  units  per  unit  of 
area)  is  the  same  at  every  point.  Experiments  on  an 
elongated  cylinder,  like  the  prime  conductor  of  the  elec- 
tric machine,  show  that  the  density  is  greater  at  the  ends. 
On  an  egg-shaped  conductor,  like  that  shown  in  Fig.  141, 
the  density  is  greatest  at  the  smaller  end.  In  general, 
the  electric  density  is  very  great  at  any  pointed 
part  of  a  charged  condiictor. 
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This  density  at  a  point  may  become  so  great  i  bat  the 
^-*    electricity  will  escape  rapidly  and  quietly,  the  air  i  articles 


Fig.  Z41. 

qnickly  carrying  off  the  charge  by  convection.  This 
explains  the  effect  of  pointed  conductors,  which  plays  so 
important  a  part  in  the  action  of  electric  machines.  This 
property  will  be  illustrated  in  several  of  the  experiments 
of  §  371.  It  is  fundamental  to  the  quiet  action  of  light- 
ning rods. 

343.  Electric  Machines. — Machines  have  been 
made  for  developing  larger  supplies  of  electricity  more 
easily  than  can  be  done  with  a  rod  of  glass  or  sealing-wax 
or  with  the  electrophorus.  Each  of  them  consists  of  one 
part  for  producing  the  electricity  and  another  part  for 
oollecting  it. 

344.  Tlie  Plate  Electric  Machine.— This  in- 

etrnment  is  represented  in  Fig.  142.  It  consists  of  an  in- 
sulator (or  electric),  a  rubber,  a  negative  and  a  positive  or 
prime  conductor.  The  electric  is  a  glass  (or  ebonite)  plate, 
A^  generally  one,  two  or  three  feet  in  diameter.  This  plate 
has  an  axis,  5,  and  handle,  (7,  and  is  supported  upon  two 
upright  colunms.    The  rubber,  Z>,  is  made  of  two  cush- 
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ions  of  Bilk  or  leather,  covered  with  amalgam  (see  §  302,a) 
They  press  npon  the  Bides  of  the  plate  and  are  sapporia 


from  the  negative  conductor  with  which  they  are  i 
electric  connection  The  negative  conductor  N  is  sn] 
ported  upon  an  insulating  column  and  when  only  poE 
tive  electricity  is  desired  is  placed  m  electrical  connectio 
with  the  earth  by  means  of  a  chim  or  wire  W  Tl 
prime  conductor,  P  is  in'^nlated  One  end  of  the  pnn 
conductor  terminates  m  two  arms  F  which  extend  oi 
on  either  side  of  the  plate  These  arms  being  etuddf 
with  points  projecting  toward  the  plat#  are  called  coml 
The  teeth  of  the  combs  do  not  qnite  touch  the  plate, 
silk  bag,  S,  is  often  supported  so  as  to  enclose  the  low 
part  of  the  plate.  All  parts  of  the  instrument  except  tl 
teeth  of  the  combs  are  carefully  rounded  and  polishe 
sharp  points  and  edges  boing  avoided  to  prevent  thet 
cape  of  electricity  as  already  explained.  Tbia  avoiding 
points  and  edges  is  to  be  regarded  in  all  apparatus  for  n 
With  electricity  of  high  potential 
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(0.)  The  papil  may  make  a  plate  machine  without  mach  expense. 
A  glazier  will  cat  for  him  a  disc  of  plate  glass,  possibly  from  a 
fa^ent  on  hand.  The  edges  of  this  disc  may  be  roanded  on  a  wet 
grindstone.  A  hole  may  be  bored  in  the  middle  with  a  round  file 
kept  moistened  with  a  solution  of  camphor  in  turpentine.  The  con- 
ductors, N  and  P,  may  be  made  of  wood  covered  with  gold-foil  or 
Datch  leaf  and  supported  on  pieces  of  stout  glass  tubing.  The 
prime  conductor  may  well  have  two  such  supports.  The  arms  may 
consist  of  two  stout  wires  thrust  into  the  end  of  a  prime  conductor, 
ihdr  free  ends  bein^  provided  with  knobs  of  lead  or  other  metal. 
The  combe  may  be  made  by  soldering  pin  points  to  one  side  of  each 
arai.  See  that  the  gold-foil  makes  actual  contact  with  the  metal 
arms.  See  that  all  metal  parts  except  the  pin  points  are  polished 
smooth.  The  oclumns  that  support  the  plate  may  be  made  of  sea- 
soned wood.  The  part  of  the  handle  to  which  the  hand  is  applied 
may  be  made  of  glass  or  insulated  by  covering  it  with  rubber 
tubing. 

345.  Operation  of  the  Plate  Machine.— The 

plate  is  turned  by  the  handle.  Electric  separation  is  pro- 
duced by  the  friction  of  the  rubbers.  The  -f  electricity  of 
the  rubber  and  negative  conductor  passes  to  the  plate;  the 
—  electricity  of  the  plate  passes  to  the  rubber  and  negative 
conductor.  The  part  of  the  plate  thus  positively  charged 
passes  to  the  combs  of  the  •prime  conductor.  The  +  of 
the  plate  acts  inductively  upon  the  prime  conductor,  polar- 
izes it,  repels  the  +  and  attracts  the  —  electricities.  Some 
of  the  —  electricity  thus  attracted  streams  from  the  points 
of  the  combs  against  the  glass,  while  some  of  the  +  elec- 
tricity of  the  glass  escapes  to  the  prime  conductor.  This 
neutralizes  that  part  of  the  plate,  or  restores  its  electric 
equilibrium,  and  leaves  the  prime  conductor  positively 
charged.  As  each  successive  part  of  the  plate  passes  the 
rubber,  it  gives  off  —  electricity  and  takes  an  equal 
amonnt  of  +;  as  it  passes  between  the  combs  it  gives  oflF 
its  +  electricity  and  takes  an  equal  amount  of  — .    The 
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rubber  and  negative  conductor  are  kept  in  equilibrium  by 
means  of  their  connection  with  the  earth,  "  the  common 
reservoir."  As  the  plate  revolves,  the  lower  part,  passings 
from  N  to  P,  is  positively  charged ;  the  upper  part,  pass- 
ing from  P  to  Ny  is  neutralized.  If  negative  electricity 
be  desired,  the  ground  connection  is  changed  from  N  to 
P  and  the  charge  taken  from  N. 

346.  The  Dielectric  Machine.— This  instru-  ; 
ment  is  represented  in  Fig.  143.  Two  plates  of  vulcanite  ; 
(ebonite),  A  and  B,  overlap  each  other  without  touching 
and  revolve  in  opposite  directions.  The  upper  plate  is 
made  to  revolve  much  more  rapidly  than  the  lower  by 
means  of  the  pulleys  shown  at  the  right  of  the  figure. 
The  prime  conductor  and  the  axes  of  the  two  plates  are 
carried  by  two  insulating  pillars.  From  the  prime  con- 
ductor, a  comb  is  presented  to  the  upper  part  of  the  upper 
plate.  Another  comb  is  presented  to  that  part  of  A  which 
is  overlapped  by  the  upper  part  of  B.  This  comb  is  con- 
nected by  a  universal  joint  at  e  with  a  discharging  rod  and 
ball,  which  may  be  brought  ifear  the  end  of  the  prime 
conductor  or  turned  away  from  it.  The  rubbers  and  the 
lower  comb  are  to  be  in  electrical  communication  with 
the  earth.  The  general  arrangement  is  clearly  set  forth 
in  the  figure. 

347.  Operation  of  the  Dielectric  Machine. — 

The  plate,  B,  is  turned  directly  by  the  handle  and  the 
plate.  A,  indirectly  by  the  aid  of  the  pulley.  The  plate, 
B,  is  negatively  electrified  by  friction  with  the  rubber 
and  thus  acts  by  induction  upon  the  lower  part  of  A, 
which  is  thus  polarized.     The  +  of  this  part  of  ^  is 
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bound  by  the  attraction  of  the  —  of  B,  while  the  —  of 
A  is  repelled,  escapes  by  the  lower  comb  and  is  rei)laced 
by  +  from  the  earth 
through  the  lower 
comb  and  its  ground 
connection.  This  part 
of  A,  thus  positively 
charged,  is  soon  re- 
moved from  the  induc- 
ing body  and  the  + 
charge,  bound  by  B,  is 
set  free.  It  then 
comes  to  the  upper 
comb,  polarizes  it  and 
the  prime  conductor 
and  exchanges  some  of 
its  own  4-  for  an  equal 
amount  of  —  from  the 
prime  conductor.  This 
neutralizes  that  part  of  the  upper  plate  and  loaves  the 
prime  conductor  positively  charged.  As  each  successive 
part  of  A  passes  the  lower  comb,  it  gives  oi!  —  electricity 
and  takes  an  equal  amount  of  -f  ;  as  it  passes  the  iii)per 
comb,  it  gives  oflF  -f  electricity  and  receives  an  equal 
amount  of  — .  The  charge  ^f  B  is  continnally  main- 
tained by  friction  with  the  rubber.  When  the  discharging 
rod  and  ball  are  brought  near  the  prime  conductor,  aa 
shown  in  the  figure,  a  rapid  succession  of  sparks  is  pro- 
duced, owing  to  the  recombination  of  the  separated  elec- 
tricities. If  another  body  is  to  be  charged  from  the  prime 
conductor,  the  ball  and  rod  may  be  turned  aside.  The 
efficiency  of  this  machine  is  greater  than  that  of  the  plate 
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or  cylinder  machiae.     It  is  lesa  afFected  bj  atmcwpheiio  J 
moisture  and  is  more  compact,  but  the  Tulcauite  plata  | 
eeem  to  deteriorate  with  use.    They  abould  be  washed  \ 
occasionally  with  ammonia  water  and  mbbed  with  paraf- 
fin oiL      Machines  of  similar  conatntction,  but  having 
glasB  plates,  are  made. 

348.  The  Holtz  Electric  Machine.— This  in- 
strument 18  represented  in  Fig.  144.  It  contains  two  thin, 
circular  plates  of 
glass,  the  lat^i 
of  which  is  held 
fast  by  two  fixed 
pillars.  The 
smaller  plate  re- 
volves rapidly 
very  near  it 
There  are  two 
holes  in  the  fixed 
P"'   '"H  plate    near    the 

extremitieB  of  its  horizontal  diameter.  To  the  ddes  of 
these  openings  are  fastened  paper  bands  called  armatures. 
The  armatures  point  in  a  direction  opposite  to  that  in 
which  the  revolving  plate  moves.  Opposite  these  armatures 
and  separated  from  them  liy  the  revolving  plate,  are  two 
metallic  combs,  connected  respectively  with  the  two  knobs 
and  Leyden  jars  shown  in  the  front  of  the  picture.  One  of 
these  linobs  is  carried  by  a  sliding  rod  so  that  their  distance 
apart  is  easily  adjusted.  When  this  machine  works  well,  it 
^ves  results  superior  to  either  of  those  previously  mentioned. 
It  is,  however,  peculiarly  subject  to  atmospheric  conditions 
and  is  generally  considered  extremely  capricious. 
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349.  Action  of  the  Holtz  Machine.— To  un- 
derstand the  action  of  this  machine  requires  careful  atten- 
tion. The  knobs  are  placed  in  contact  and  a  small  initial 
charge  is  given  to  one  of  the  armatures  by  some  charged 
body,  as  a  piece  of  vulcanite  or  a  glass  rod.  The  handle 
is  then  turned,  the  effort  necessary  to  keep  up  the  motion 
increasing  rapidly.  The  knobs  are  then  separated  and  a 
series  of  discharges  takes  place  between  them. 

(a.)  Suppose  a  small  +  charge  to  be  imparted  at  the  outset  to  the 
right  armature.  This  charge  acts  inductively  across  the  revolving 
plate  upon  the  metallic  comb,  repels  +  electricity  through  it  and 
leaves  the  points  negatively  electrified.  They  discharge  negatively 
electrified  air  upon  the  front  sarface  of  the  movable  plate  ;  the  re- 
pelled +  charge  passes  through  the  brass  rods  and  balls  and  is  dis- 
charged through  the  left  comb  upon  the  front  side  of  the  movable 
disa  Here  it  acts  inductively  upon  the  paper  armature,  causing 
that  part  of  it  which  is  opposite  itself  to  be  negatively  charged  and 
repelling  a  +  charge  into  its  farthest  part,  viz.,  into  the  armature. 
This,  being  bluntly  pointed,  slowly  dischargers  a  +  charge  upon 
the  hack  of  the  movable  plate.  When  the  plate  is  turned  round, 
this  +  charge  on  the  back  comes  over  from  the  left  to  the  right  side 
and,  when  it  gets  opposite  the  comb,  increases  the  inductive  effect 
of  the  already  existing  +  charge  on  the  armature  and,  therefore, 
repels  more  electricity  through  the  brass  rods  and  knobs  into  the 
left  comb.  Meantime  the  —  charge,  which  we  saw  had  been  in- 
duced in  the  left  armature,  has  in  turn  acted  on  the  left  comb,  caus- 
ing a  +  charge  to  be  discharged  by  the  points  upon  the  front  of  the 
plate  and,  drawing  electricity  through  the  brass  rods  and  knobs, 
has  made  the  right  comb  still  more  highly  — ,  increasing  the  dis- 
charge of  negatively  electrified  air  upon  the  front  of  the  plate, 
neutralizing  the  +  charge  which  is  being  convoyed  over  from  the 
left.  These  actions  result  in  causing  the  top  half  of  the  moving 
disc  to  be  positively  electrified  on  both  sides  and  the  bottom  half  of 
the  disc  to  be  negatively  electrified.  The  charges  on  the  front 
serve,  as  they  are  carried  round,  to  neutralize  the  electricities  let  off 
by  the  points  of  the  combs  while  the  charges  on  the  back,  induced 
respectively  in  the  neighborhood  of  each  of  the  armatures,  serve, 
when  the  rotation  of  the  plate  conveys  them  round,  to  increase  the 
Inductive  influence  of  the  charge  on  the  other  armature.     Hence,  a 
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very  small  initial  charge  is  speedily  raised  to  a  maximum,  the  limit 
being  reached  when  the  electrification  of  the  armatures  is  so  great 
that  the  loss  of  electricity  at  their  surface  equals  the  gain  by  cod- 
yection  and  induction. 

Note. — Other  forms  of  electric  machines  are  made.  One  of  the 
latest  of  these,  known  as  the  Toepler-Holtz,  is  very  compact  and 
efficient  and  remarkably  free  from  the  limitations  of  atmospheric 
conditions.  It  may  be  described  as  a  continuously  acting  electro- 
phorus  (§  227).  A  very  good  one  may  be  bought  for  f25  or  more. 
One  should  be  provided  for  the  school  in  some  toay  if  possibla  Any 
electrical  machine  should  be  free  from  dust  and  perfectly  dry  when 
used.  It  should  be  warmer  than  the  atmosphere  of  the  room,  that 
it  may  not  condense  moisture  from  the  surrounding  air.  The  drier 
the  atmosphere,  the  better  will  be  the  action  of  the  machine. 

Exercises. 

1.  How  can  you  show  that  there  are  two  opposite  kinds  of  elec- 
tricity ? 

2.  How  would  you  test  the  kind  of  electricity  of  an  electrified 
body? 

3.  Quickly  pass  a  rubber  comb  through  the  hair  and  determine 
whether  the  electricity  of  the  comb  is  positive  or  negative. 

4.  Why  do  we  regard  the  two  electric  charges  produced  simul- 
taneously by  rubbing  together  two  bodies  as  being  of  opposite 
kinds  V 

5.  Why  is  it  desirable  that  a  glass  rod  used  for  electrification  be 
warmer  than  the  atmosphere  of  the  room  where  it  is  used? 

6.  Electrify  one  insulated  egg-shell  conductor  (§  332,  h).  Bring  it 
near  a  second  conductor  but  not  in  contact  with  it.  Touch  the 
second  egg-shell  with  the  finger,  {a)  Experimentally,  determine 
whether  the  second  egg-shell  is  electrified  or  not.  (6.)  If  you  find 
that  it  is,  what  word  explains  the  method  of  charing?  {c.)  If  the 
second  egg-shell  is  charged,  will  its  potential  and  the  potential  of  the 
first  be  of  the  same  or  of  opposite  signs  ? 

7.  {a.)  In  §  323,  6,  it  is  directed  that  an  electrified  body  be  brought 
**  near"  the  knob  of  the  gold-leaf  electroscope.  Why  not  ttmth  the 
knob  with  the  charged  body?  (6.)  Why  do  not  the  gold  leaves 
diverge  immediately  after  touching  the  knob  with  the  finger  as  there 
directed?  (c.)  If  the  electrified  body  being  tested  had  a  -f  charge, 
is  the  charge  of  the  gold  leaves  -i-  or  -  ?    Explain. 

8.  {a.)  What  is  a  proof-plane?  (6.)  An  electroscope?  (c.)  Describe 
one  kind  of  electroscope,    {d.)  Another  kind. 
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9.  (a)  Define  eUetries,  eandueiara  and  inatdatora.     (p.)  Explain 
•Ificfcric  induction. 

10.  (a.)  If  a  metal  globe  suspended  by  a  silk  cord  be  brought  near 
the  prime  condnctor  of  an  electric  machine  in  action,  feeble  sparks 
lill  be  produced.  Explain.  (&.)  If  the  globe  be  held  in  the  hand, 
itronger  sparks  will  be  produced.    Explain. 

11.  Twist  some  tissue  paper  into  a  loose  roll  about  six  inches  long. 
Stick  a  pin  through  the  middle  of  the  roll  into  a  vertical  su])port. 
Present  an  electrified  rod  to  one  end  of  the  roll  and  thus  cause  the 
loll  to  turn  about  the  pin  as  an  axis.  Give  this  ])iecc  of  scientific 
apparatus  an  appropriate  name. 

12.  (a.)  Prepare  two  wire  stirrups,  A  and  /?,  like  those  shown  in 
Fig.  121  and  suspend  them  by  threads.  Electrify  two  glass  rods 
bjr  robbing  them  with  silk  and  place  them  in  the  stirrups.  Bring 
A  near  B.  Notice  the  repulsion.  (&.)  Repeat  the  experiment  with 
two  sticks  of  sealing-wax  that  have  been  electrified  by  rubbing  with 
flannel.  Notice  the  repulsion,  (e,)  Place  an  electrifiod  glass  rod  in  A 
and  an  electrified  stick  of  sealing-wax  in  B.  Notice  the  attraction. 
Give  the  law  illustrated  by  these  experiments. 

13.  Two  small  balls  are  charged  respectively  with  +  24  and  —  8 
units  of  electricity.  With  what  force  will  thry  attract  one  another 
when  placed  at  a  distance  of  4  centimeters  from  one  another  ? 

Ans.  12  dynes. 

14  If  these  two  balls  are  then  made  to  touch  for  an  instant  and 
then  put  back  in  their  former  positions,  with  what  force  will  they 
act  on  each  other  ?  Ans,  Repulsion  of  4  dynes. 
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Experiment  33. — Hang  a  negatively  charged  pitli  ball  inuide 
dry  glass  bottle.    Bring  an  electrified  glass  rod  to  the  outer  side 
the  bottle.    The  pith  ball  will  rash  to  the  side  of  the  bottle  m 
the  rod  because  of  the  attraction  between  the  opposite  electridtiea. 

Experiment  34.— Paste  a  piece  of  tin-foil,  two  or  three  incliei;^ 
square,  on  the  middle  of  each  face  of  a  pane  of  glass.     Hold  a  finger 
on  one  of  the  metallic  coats  while  the  other  coat  is  held,  for  a  short-^ 
time,  in  contact  with  the  prime  conductor  of  an  electric  machine  ii. 
operation.    Remove  the  pane  and  place  it  on  edge  without  touchinf 
both  coats  at  the  same  time.     Although  both  coats  are  oppositely 
charged  (§  834),  they  may  be  touched  in  succession  without  any 
shock.     When  both  are  touched  at  the  same  time,  the  shock  is 
greater  than  would  have  been  received  from  the  prime  conductor  by 
which  thU  condenser  was  charged. 

350.    Condensation     of    Electricity.  —  Two 

suspended  pith  balls  oppositely  charged  attract  one 
another  across  the  intervening  air.  They  attract  mu- 
tually even  when  a  plate  of  glass  is  held  between  them 

although   neither    the    balls 
^  nor  their  electric  charges  can 

pass  through  the  glass.  In 
the  case  of  the  pane  of 
glass  with  its  two  tin-foil 
coats,  or  in  the  similar  case 
of  two  metallic  plates,  A 
and  By  separated  by  a  layer 
of  dry  air  or  other  non- 
conductor, (7,  as  shown  in 
Fig.  145,  the  two  charges 
are  "bound,''  each  by  the 
attraction  of  its  opposite 
on  the  other  side  of  the 
pane.  It  is  found  that  two  such  coats  may  be  chargecl 
much  more  strongly  than  eithei  ow^  cio\x\^\i^\t  tl^a  o^po- 
site  coat  were  wanting.    It  a  t\i\i^  ^\a.\fe\!k!&a  B^'bul  Imx-k^- 


Fig.  145. 
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IJRjT  no  Opposite  plate  like  A,  be  connected  with  5  by  a 
■«^iper  vire  and  the  middle  of  the  wire  brougbt  into  con- 
ItKt  with  the  prime  conductor,  nearly  the  whole  charge 
■  vQl  go  to  ^  and  very  little  to  the  third  plate.  ITie  ea- 
rn fudiy  of  a  charged  conductor  is  greatly  increased 
lly  bringing  it  near  a  second   charged  conductor 

I  oppositely  charged.    Its  capacity  being  thus  increased, 

II  greater  quantity  of  electricity  must  be  put  into  it  to 
I  ruse  it  to  as  high  a  potentiaL    Such  a  method  of  increas- 

tbe  quantity  of  electricity  that  a  conductor  may  re- 
e  without  raising  its  potential  is  called  the  condensa- 
tion or  accumulation  of  electricity. 


351.  Electric  Condensers. — Au  apparatus  for 
collecting  a  lai^e  qaantity  of  electricity  at  a  moderate  po- 
tential, as  just  described,  is  called  an  electric  condenser. 


(d.)  Let  .1  and  A  Fig.  14S. 
lepresent   two  iuanlated  metallic   | 
pUtes  about  bIi  iuchea  io  diam- 
eter, separated  bj   (7,  a  plate   of   I 
glass  somewhat  larger.     Let  eacb   I 
metallic    plate    hare    an    etectric  I 
peodnlnm,  a  and  h.    Bemore   A 
and  connect  B  with  the  conductor 
of  the  electric  machine,  \rj  means 
of  the  wire,  a;.    The  divet^^nce  of  ""'   "*"' 

4  ahowB  the  preaence  of  free  electricity.  Connect  A  with  the 
ground  by  the  wire,  y,  ajid  place  it  in  position  as  represented.  By 
the  inductive  Inflaence  of  B,  the  —  electricity  of  A  is  drawn  to  the 
snrfiuK,  »,  while  the  +  escapes  by  y.  But  this  —  electricity  at  n 
attracts  the  +  of  B  largel;  to  the  surface  m  and  holda  it  there  as 
immd  electricity,  thus  inoreaaing  the  electrical  density  at  that  sur- 
face. This  ehuige  is  shown  by  less  diverf^nce  of  6.  ConBequenlly, 
B  can  receire  moi^  electricity  from  the  machine,  which  will,  in 
tarn,  MtOmct  more  —  oJecfricK/  to  n.     This  further  auppV]  VSV,\^ 
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of  the  •(■  electricity  of  B  at  m.  In  this  way,  » 1iq|  f 
■  electricitj  may  be  accumultited  at  m  and  a  lw||  . 
qnaatity  of  —  at  1 
This  accum  nlatkm : 
thaa  go  on  unUl  tk( 
potential  at  thi 
face,  p,  IB  equal  t 
of  the  macliine, 
was  when  A  was  iIk 
sent.  InterraptiDg 
commnnication  bj  t 
and  jr,  both  plates  in 
charged.  The  vettiol 
pendulum,  a,  shows  nit 
fru  electricity,  the 
electridty  of  A  being 
all  boaud  at  n  -  tlie 
pendulum  at  b  ehon 
some  free  electridtj, 
although  the  greater  part  of  the  olectricitj  of  B  is  bound  at  m.  Be- 
more  A  and  B  from  each  other  and  the  bound  electricity  of  each  ia 
set  free  and  Ixith  a  and  h  fly  out  as  the  discs  are  separated.  The 
pith  balls  thus  seem  to  indicate  that  the  discs  are  more  highly  elec- 
trified when  they  are  thus  separated,  but  no  sddiUonal  charge  luu 
been  given  to  either  A  or  B.  The  fact  is  that  whSe  B  was  near  A, 
the  e<^)aeitff  ofB  wot  largdy  inereaaed.  On  moving  it  avxifffrom  A, 
U$  eapadty  weu  diminuhed  and  the  same  guantitg  of  eledrieUy  dee- 
trified  U  to  a  higher  potential  than  before.  The  presence  of  an  earth 
conneeted  plate  ttear  an  insulated  enndvetar  largely  inereatea  the  dee- 
trie  eapaeUy  of  the  latter,  enaiting  it  to  eoiidenae  dectrieUy  upon  th* 
twrfaee  nearett  the  opposing  plate,  iW  which  surface  the  deetrieal  den- 
tity  becomes  nery  greed. 

(S.)  If  A  and  B  are  pushed  np  close  to 
will  work  an  increase  nf  the  inductive  at 
tlty  may  be  accumulated  in  the  plates. 
denser  depends,  in  part,  vpon  Vie  n 


0,  the  decrease  of  distance 
tion  and  a  still  largerquan- 
Thus,  the  eapaeity  of  a  eon- 
ofthe  platee  to  each  other. 


353.  Dielectrics  and  Specific  Inductive 
Capacity. — Substances  that  permit  inductive  electric 
influences  to  act  across  or  through  them  as  just  described 
are  cfl/Jed  dielectrics.     AW  dieVectrvcs  aie  YasKl^]^c>-n,^»^ 
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equally  good  insulators  ai*e  not  always  equally  good  dielec- 
trics. Glass  is  a  better  dielectric  than  ebonite  and  ebonite 
18  better  than  air.  The  capacity  of  a  condenser  is  greater 
when  the  dielectric  is  glass  than  it  is  when  the  dielectric 
is  air.  The  ratio  of  the  capacity  i?i  the  former  case 
to  the  capacity  in  the  latter  case  is  called  the 
specific  inductive  capacity  (or  specific  inductivity) 
of  glass.  Air  (at  0°  C.  and  760  mm. )  is  taken  as  the 
f    standard,  its  specific  inductive  capacity  being  unity. 

(a.)  The  old  idea  that  electric  induction  is  '*  action  at  a  distance" 
is  wholly  disproved  by  the  fact  that  different  substances  have  dif- 
ferent specific  inductive  capacities,  for  it  is  evident  tliat  the  dielec- 
tric itself  is  concerned  in  the  process.  Otherwise,  all  media  would 
allow  induction  to  take  place  across  them  with  equal  facility. 

(6.)  The  specific  inductivity  (sometimes  called  dielectric  capacity) 
assigned  to  various  substances  by  different  observers  varies  widely. 
Gordon  gives  the  following  results : 


Air 1.00 

Paraflan  (solid).1.9936 
India  rubber.  .2.22 


It 


Ebonite 2.284 

Guttapercha..  2. 4C2 
Sulphur 2.58 

Schiller  gives  the  specific  inductivity  of  white  mirror  glass  as  5.88 
to  6.84. 


Shellac 2.74 

Glass,  from. .  ..3.013 
to 3.258 


353.  The  liOyden  Jar.— The  most  com- 
mon and,  for  many  purposes,  the  most  con- 
venient form  of  condenser  is  the  Leyden  jar. 
This  consists  of  a  glass  jar,  coated  within  and 
without  for  about  two-thirds  its  height  with 
tin-foil,  and  a  metallic  rod,  communicating 
by  means  of  a  small  chain  with  the  inner  coat 
and  terminating  above  in  a  knob.  The  upper 
part  of  the  jar  and  the  cork  which  closes  the 
mouth  of  the  jar  and  supports  the  rod  are  generally  coated 
witJi  sealing-wax  or  shellac  varnish  to  lessen  the  deposition 


Fig.  148. 
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of  moistare  from  the  air.  The  inner  coat  represents  tlM 
collecting  plate^  B\  the  glass  jar,  the  insulating  plate,  0\ 
the  outer  coat,  the  condensing  plate.  Ay  of  Fig.  146. 

(a.)  Select  a  candy  or  fruit  jar  of  greenish  ^lass ;  paste  tin-foil 
within  and  without,  as  above  described,  using  flour  paste ;  thrust  a 
wire  through  a  dry  cork  ;  bend  the  wire  so  that,  when  the  cork  is  in 
its  place,  the  wire  shall  touch  the  tin-foil  on  the  inside  of  the  bottid 
without  tearing  it ;  solder  the  upper  end  of  the  wire  to  a  smooth 
button  or  thrust  it  into  a  lead  bullet ;  charge  your  Leyden  jar  with 
a  few  sparks  from  the  electrophorus  and  take  a  shock. 

354.  Charging  the  lieyden  Jar. — To  charge 
the  jar,  hold  it  in  the  hand,  as  shown  in  Fig.  149,  and  bring 
the  knob  near  the  prime  conductor  of  an  electrical  machine 
that  is  in  action  or  into  contact  with  it. 

(a.)  The  +  charge  thus  developed  on  the  inner  coat  acts  in- 
ductively  through  the  glass,  repelling  the  +  electricitj  which  escapes 
through  the  hand  to  the  eartb  and  binding  its  —  electridtj  to  the 
surface  in  contact  with  the  glass.  This  "  bound "  negative  elec- 
tricity of  the  outer  coat,  in  turn,  binds  the  positive  of  the  inner  coat, 
which  then  may  receive  a  further  charge  and  so  on.  The  inner 
coat  will  receive  a  much  greater  quantity  of  electricity  than  it  pos- 
sibly could  were  it  not  for  the  attraction  of  its  opposite  on  the  outer 
coat.  If,  instead  of  holdii^g  the  outer  coat  in  the  hand,  the  jar  be 
supported  upon  a  pane  of  glass  so  that  the  repelled  electricity  of  tht 
outer  coat  cannot  escape,  the  jar  cannot  be  very  intensely  charged. 


Fio.  149. 

(&.)  Thus  we  see  again  that  the  capacity  of  a  conductor  is  greatly 
increased  when  it  is  placed  near  a  conductor  charged  with  the  opp(^ 
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te  kind  of  electridtj.  Its  capacity  being  increased,  it  can  receive  a 
I  greater  quantity  of  electrituty  withoat  any  increase  of  potential    Of 

eonrse,  the  potential  of  the  charged  jar  cannot  exceed  tliat  of  the 
;   prime  conductor  or  other  charging  body. 

i 

355.  Discharging  the  lioydeu  Jar. — If  the  jar 

be  of  good  glass^  dry  and  free  from  dust,  it  will  retain  its 
charge  for  hours.    But  if  a  path  be  provided  by  which  the 
opposite  and  mutually  attracting  electricities  can  flow 
together,  they  will  do  so  and 
the  jar  will  be  instantaneously 
and    almost    completely    dis- 
charged.    The  jar  might  be 
discharged   by   touching   the 
knob  with  the  finger,  the  sep- 
arated electricities  coming  to-    ^  Fig  iscT 
gether  through  the  person  of 

the  experimenter  and  the  earth.  In  this  case,  the  experi- 
menter will  feel  a  '^shock/'  If  the  charge  be  intense,  the 
shock  wiU  be  painful  or  even  dangerous.  It  is  better  to 
use  a  "  discharger,"  two  forms  of  which  are  represented  in 
Pig.  150.  This  consists  of  two  metal  arms  hinged  to- 
gether, bearing  knobs  at  their  free  ends  and  carried  by 
insulating  handles.  The  outer  coat  of  the  jar  should  be 
touched  first.    Why? 

(a.)  A  good  discharger  may  be  made  by  passing  a  piece  of  stout, 
copper  wire,  about  a  foot  long,  through  a  piece  of  rubber  tubing  and 
providing  a  metal  knob  for  each  end  of  the  wire.  The  flexibility  of 
the  wire  avoids  the  necessity  for  a  hinged  joint 

366.  The  Residual  Charge.-— If  a  Leyden  jar  be 
charged,  discharged  and  left  for  a  little  time  to  itself^  it 
will  be  found  that  a  small^  second  spark  can  be  obtained. 
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There  is  a  residual   charge  which  seems  to  have 
soaked,  into  the  glass.    The  retam  of  the  residual  charga 

is  hastened  by  tapping  the  jar.     The    j 
^"V^  amount  of  the  residual  charge  varies 

\  with  the  time  that  the  jar  has  been    i 

^J^^  left  charged ;  it  also  depends  on  the 

■^^■^  kind  of  glass  of  which  the  jar  is 

l^H  made.     (See  Appendix  J.) 

357.  The  licyden  Jar  with 
Movable  Coats.— Thb  pieoe  of  sppan- 
tns  is  represented  by  Fig.  151.  The  appia 
part  of  the  glass  jer,  B,  Is  coated  with  shel- 
lac varnish.  The  three  parts  beiog  placed 
together  in  proper  order,  B  wJtMn  A  and  0 
within  B,  the  jar  la  cliarged  tn  the  nsoa]  man- 
ner. The  inner  coat,  C,  is  then  removed 
with  a  glass  rod  and  toadied  with  the  hand 
to  dischergQ  it  fully.  .B  1b  then  lifted  oat 
from  A  and  t)ie  outer  coat  folly  discharged. 
The  three  parts,  are  theu  put  together  again 
'  and  found  to  be  able  to  ^TB  nearly  as  strong 

a  Bparfe  as  at  first.  This  seeme  to  indicate 
that  the  charge  reets  upon  the  surfacea  of  the  glass  rather  than  upon 
the  surfacea  of  the  coata.  If,  when  the  cliarged  jar  Is  In  pieces,  the 
thumb  be  placed  on  tlie  outer  surface  of  the  glass  and  the  forefinger 
of  the  same  band  on  the  inner  surface,  a  very  slight  shock  is  per- 
ceptible. The  oppositely  charged  glass  molecoleB  that  come  into 
actual  contact  with  thumb  and  finger  respectively  are  discharged. 
By  clianging  the  positloa  of  the  thumb  and  finger.  Bucceasive  little 
shocks  may  be  felt  as  successive  portions  of  the  inner  and  ontflr  sur- 
facee  of  the  glass  are  discharged.  The  inner  coat  fumlsheB  a  means 
for  the  simultaneous  discharge  of  the  inner  layer  of  gtasa  molecules  j 
the  outer  coat  does  the  same  for  the  outer  layer  of  glam  molecnlea. 
Thus  all  or  nearly  all  of  the  electrified  glass  molecules  may  be  dis- 
charged simultaneously  instead  of  successively. 

358.  The  Leyden  Battery.— The  effect  that  may 
be  prodnced  with  a  Leyden  jar  or  other  condenser  dependa 
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upon  Qie  size  of  the  coats,  the  tbinueBe  and  the  loductiTe 
capacity  of  the  glase.  But  a  large  jar  is  expensive  and 
requires  great  care;  thin  glass  is  liable  to  perforation  bj 


-   -T^ 


Fig.  152. 

the  condensed  and  strongly  attracting  electricities  of  its 
two  coatB.  To  obviate  both  of  these  difficulties,  a  collection 
of  jars  is  used.  Wlien  their  outer  coats  are  in  electric 
communication,  which  may  be  secured  by  pliieing  thorn 
in  a  tray  the  bottom  of  which  is  covered  with  tin-foil,  and 
their  inner  coats  are  connected  by  wires  or  metiil  strips 
passing  from  rod  to  i-od,  or  from  ktiob  to  knob,  the  ap- 
paratus is  called  a  Leydcn  or  electric  battery.  "  Tough- 
ened glass"  is  less  easily  pierced  than  ordinary  glass. 
Hence,  Leyden  jars  made  of  it  may  be  made  thinner  and, 
conaequently^  will  hold  a  greater  charge  than  otherwise. 
The  battery  it  charged  and  dischsirged  in  the  same  way  as 
a  single  jar.     Great  care  is  needed,  for  if  the  discharge 
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were  to  take  place  through  the  human  body  the  result 
would  be  serious  and  possibly  fatal.  The  "universal 
discharger,"  as  employed  with  the  Leyden  battery,  ig 
shown  at  ^C7in  Fig.  152.     (See  Exp.  56.) 

{a. )  The  horizontal  rods  of  the  universal  discharger  may  be  sap- 
ported  by  passing  them  through  corks  in  the  mouths  of  two  bottles. 
When  a  table  is  wanted  for  the  support  of  bodies  to  be  operated 
upon  by  the  discharge,  it  may  he  made  by  placing  a  small  plate  of 
glass  upon  the  open  mouth  of  a  bottle  of  the  same  height  as  those 
that  carry  the  rods  and  placing  the  third  bottle  between  the  other 
two. 

359.  The  Farad. — The  farad  is  the  capacity  of  a 
condenser  that  will  be  raised  to  a  potential  of  one  volt  by 
a  charge  of  one  coulomb  of  electricity  (§§  382,  387).  Such 
a  condenser  would  be  too  large  to  be  constructed.  The 
micro-farad  (=0.000001  farad)  is,  therefore,  chosen  as 
the  practical  unit  of  electrical  capa^ty.  The  ca- 
pacity of  three  miles  of  an  Atlantic  cable  is  about  one 
micro-farad.  A  micro-farad  condenser  contains  about 
3,600  square  inches  of  tin-foil.  A  farad  equals  10~*  of  an 
electro-magnetic  unit  of  capacity  (§  451).    See  App.  M  (5). 

(a.)  A  coulomb  in  a  farad  p^ves  a  volt. 

Coulombs 


\ 


Farads  = 


Volts 


360.    Submarine    Cable    Condensers. — An 

ocean  cable  forms  a  condenser,  the  water  forming  the 
outer  coating ;  the  conducting  wire,  the  inner  coating; 
while  the  insulating  layers  of  gutta-percha  correspond 
to  the  glass  of  the  Leyden  jar.  When,  for  example,  one 
end  of  a  submerged  cable  is  connected  to  the  +  pole  of 
a  powerful  battery,  +  electricity  flows  into  it.  Befor<^ 
any  signal  can  be  received  at  t\v^  oVXi^x  evi^,  «i:lwx^  ^<^ 
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bicity  must  flow  in  to  charge  the  cable  to  a  considerable 
potential^  an  operation  which  may^  in  the  case  of  long 
eaibleSy  require  some  seconds.  It  is  a  serious  obstacle  to 
signalling  with  speed  through  the  Atlantic  cables. 

(a.)  Ima^ne  a  mtle  of  insulated  cable  wire  to  be  coiled  up  in  a  tub 
of  water  (Fig.  153),  one  end,  N,  being  insulated.  The  other  end  ia 
Joined  up  through  a  long  ^.^^^ 

omI  galvanometer,  G,  to  j  ^  )— n 

the  +  pole  of  a  large  bat-    ^  "^  /f}m\  ^ — ^ 

teiy,  whose  —   pole   is 

joined  by  a  wire  to  the 

water   in   the  tub.      As 

soon  as  this  is  done,  the 

needle  of  the  galvanom*  PiQ   j^^ 

eter  will  show  a  violent  • 

deflection,  +  electricitj  rushing  through  it  into  the  interior  of  the 

Gable  and  a  —  charge  being  accumulated  on  the  outside  of  it  where 

the  water  touches  the  gutta-percha.     The  flow  will  go  on,  though 

diminishing,  until  the  cable  is  fully  charged,  taking,  perhaps,  an 

hour.    Now  remove  the  battery  and  close  the  circuit.     The  charge 

in  the  cable  will  rush  out  through  the  galvanometer,  which  will 

show  an  opposite  deflection.    The  charge  will  continue  "to  soak 

out**  for  a  long  time. 


361.  Modes  of  Discharge. — ^An  electrified  con. 
ductor  may  be  discharged  in  at  least  three  ways,  viz.y  by 
the  disruptive  discharge,  by  the  convective  discharge 
and  by  the  conductive  discharge.  The  discharge  in  any 
of  these  ways  is  accompanied  by  a  transformation  of  en- 
firgy*  Sound,  lights  heat>  chemical  action  and  other  phe- 
nomena are  produced. 

Expertment  35.-— Present  a  knuckle  of  the  hand  or  a  metal  knob 
to  the  prime  conductor  of  an  electric  machine  and  '*  draw  sparks  " 
therefrom.  (See  Fig.  169.)  For  short  distances,  the  spark  is  straight. 
If  the  distance  be  made  somewhat  greater,  the  spark  takes  a  sinuous 
and  forked  form  as  though  floating  dust  particles  served  as  stepping- 
stoDav  and  tendered  a  crooked  path  the  easiest    If  the  charge  be 
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very  powerful,  the  spark  will  take  the  zigzag  form  so  familiar  in  tiu 
lightning-stroke.     When  the  machine  is  vigorously  worked  in  thfl 

dark,  the  apparently  continuous  dischajge  into 
the  air  produces  a  luminous  appearance  at  the 
ends  of  the  conductor.  This  appearance,  known 
as  a  brush,  may  be  improved  by  holding  a  large^ 
smooth,  metal  globe  at  a  distance  a  little  too  great 
for  the  passage  of  a  spark.  When  the  discharge 
takes  place  from  the  rounded  end  of  a  wire  ex- 
tending from  the  conductor,  a  quiet,  phosphor- 
escent glow,  as  shown  in  Fig.  154,  will  often  appear  at  and  near  the 
end  of  the  wire 


Fig.  154. 


362.  The  Disruptive  Discliarge. — A  discharge 
of  electricity  taking  place  suddenly  through  a  non-con- 
ductor is  called  a  disruptive  discharge,  e.g.,  the  spark  and 
brush  drawn  from  an  electric  machine  in  action.  The 
glow  is  either  a  continuous  discharge  or  one  of  exceed- 
ingly small  period.  Perhaps,  it  is  a  high  order  of  con- 
vective  discharge. 

Experiment  36. — Attach  a  pointed  wire  to  the  prime  conductor 
of  the  electric  machine.  The  flame  of  a  candle  held  near  will  be 
blown  away,  as  shown  in 
Fig.  155.  If  the  candle  be 
placed  upon  the  prime 
conductor  and  a  pointed 
conductor  be  held  in  the 
hand  near  the  candle,  the 
flame  will  still  be  blown 
away. 


363.  Tlie  Con- 
vective  Dis- 
cliarge. — When  elec- 
tricity of  high  poten- 
tial accumulates  with 
BO  great  a  density  as  to  electrify  the  neighboring  particles 
of  air  which,  driven  by  electric  Tep\x\^\0TL»^^  ^^  ^sasrrjosL^ 


Fig.  155. 
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part  of  £he  charge  with  them,  we  have  what  is  called  the 
oonvective  discharge.      Such  discharges  are  best  maiii« 
-  fested  in  gases  at  low  pressure,  in  tubes  exhausted  by  an 
air-pump.     (Exp.  70.) 

364.  The  Conductive  Discharge.— The  floiv 
of  a  continuous  current  of  electricity  constitutes  the  con- 
ductive discharge.  When  electricity  flows  through  a  wire 
from  the  prime  conductor  of  an  electric  machine  to  the 
rabbers  or  from  the  positive  pole  of  a  voltaic  cell  or  bat- 
tery to  the  negative,  we  have  a  conductive  discharge.  It 
will  be  considered  in  the  section  especially  devoted  to 
voltaic  electricity. 

366.  Atmospheric  Electricity. — The  phenom- 
ena of  atmospheric  electricity  are  of  three  kinds  : 

1.  A  continual  slight  electrification  of  the  air,  best  ob- 

served  in  fair  weather. 

2.  The  familiar  phenomena  of  thunder  storms. 
8.  The  Aurora  Borealis. 

366.  The  First  Kind.— During  fair  weather,  the 
air  above  the  surface  of  the  earth  is  usually  electrified  posi- 
tively, a  negative  electrification  being  extremely  rare.  In 
stormy  weather,  it  is  more  often  —  than  +  and  frequently 
changes  from  one  kind  to  the  other  several  times  in  aw 
hour.  The  higher  up  we  go  to  observe  the  t\sual  +  elec* 
tricity  of  the  air,  the  higher  its  potential  is  found  to  bcr 
The  evaporation  of  water  by  the  sun's  heat  and  the  fric 
tion  of  moving  masses  of  air  probably  oontribute  to  the 
presence  of  atmospheric  electricity. 

367.  Thunder   Storms.— We  have  already  seen 
{§  341)  that  a  solid  conductor  can  not  be  charged  through^ 
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out  its  substance,  the  charge  residing  upon  the  surfao&  p 
The  same  is  true  of  liquids,  but  aeiiform  bodies  may  bl 
charged  bodily,  the  individual  molecules  being  so  mnoli 
more  widely  separated.  Dry  air  being  a  poor  conductor, 
the  air  particles  discharge  their  electricity  into  each 
other  slowly  and  with  difficulty.  The  electricity  thiu 
prevented  from  accumulating  has  a  low  potential  and, 
hence,  gives  few  manifestations  of  its  presence.  The 
minute  particles  of  water  floating  in  the  air  being  better 
conductors  than  the  air  itself  become  more  highly  charged. 
As  they  fall  and  unite,  the  potential  of  their  charges  in- 
creases* 

(a.)  "  Suppose  eight  small  drops  to  join  into  one.  That  one  wil 
have  eight  times  the  quantity  of  electricity  distributed  over  the  sur- 
face of  a  single  sphere  of  twice  the  radius  and,  therefore,  of  twice 
the  capacity  (for  the  electrical  capacities  of  spheres  are  proi)ortionaL 
to  their  radii)  of  the  original  drops."  The  capacity  bein^  thus  in* 
creased  only  two  fold  while  the  quantity  is  increased  eight  fold,  the 
potential  becomes  four  times  as  great.  Thus  the  potential  of  a 
cloud  may  rise  by  the  union  of  electrified  drops. 

368.  liiglitniiigr. — ^When  an  electrified  cloud  floats 
over  the  earth,  separated  from  it  by  a  layer  of  insulating 
air,  the  inductive  influence  of  the  cloud  renders  the  ground 
beneath  oppositely  electrified.  Then  the  cloud,  ground 
and  insulating  air  correspond  respectively  to  the  inner 
and  outer  coatings  and  the  insulating  glass  of  a  Leyden 
jar.  As  the  charge  of  a  Leyden  jar  may  be  made  so  in- 
tense that  the  mutual  attraction  of  the  separated  elec- 
tricities will  result  in  their  rushing  together  and  thus 
piercing  the  jar  (§  358),  so  the  charge  of  a  cloud  may  be- 
come sufficiently  intense  to  overcome  the  resistance  of  the 
air  and,  a  lightning  stroke  enawefe.    T^q  e\.w\da  eibax^ed 
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with  opposite  electricities  may  float  near  each  other. 
Then  they,  with  the  intervening  air^  may  be  looked  npon 
IB  constituting  a  huge  Leyden  jar.  Thus,  we  may  sea 
the  hghtning  leaping  from  cloud  to  earthy  or  from  cloud 
to  cloud.  Such  electric  sparks  are  sometimes  more  than 
a  mile  in  lengthy  showing  a  difference  of  potential  greater 
than  that  of  3,000,000  Darnell's  cells.  The  duration  of 
ilie  spark  or  flash  is  not  more  than  0.00001  of  a  second. 
The  danger  from  any  lightning  stroke  has  passed  when  we 
hear  the  crash.  The  identity  of  lightning  with  electricity, 
iiiough  long  suspected,  was  flrst  proved  by  Franklin's 
&mou8  kite  experiment    (See  Exp.  64.) 

Experiment  37« — ^Biing  the  point  of  a  knife-blade  near  the  ooii> 
doctor  of  an  electric  machine  in  operation  and  notice  the  instant  cessa 
tion  of  sparks.  The  quiet  passage  of  electricity  from  the  earth 
neutralizes  the  charge  of  the  conductor  and  restores  the  electric 
eqailibiium.  In  the  same  way,  a  lightning-rod  tends  to  restore  the 
electric  equilibrium  of  the  cloud  and  prevent  the  dangerous  dis- 
charge. 

369.  lilghtning-Bods. — The  value  of  lightning- 
rods  depends  upon  the  tendency  of  electricity  to  follow 
the  best  conductor  and  upon  the  effect  of  pointed  con- 
ductors upon  electrical  density  (§  342).  The  lightning- 
rod  should,  therefore,  be  made  of  a  good  conductor ; 
copper  is  better  than  iron.  It  should  terminate  above  in 
one  or  more  points,  tipped  with  some  substance  that  may 
be  corroded  or  fused  only  with  extreme  difficulty.  Plati- 
num and  iridium  are  metals  that  satisfy  these  conditions 
very  welL  The  rod  should  extend  above  the  highest  point 
of  the  building  in  order  to  offer  the  electricity  the  easiest 
path  to  the  ground.  It  is  important  to  have  each  pro- 
fecting  part  of  the  building,  as  chimneys,  towers  and 
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gables,  protected  by  a  separate  rod.  All  metal  work  about 
the  roof  or  chimneys  should  be  connected  with  the  rod. 
The  rod  should  afford  an  unbroken  connection;  the  joints^ 
if  there  be  any,  should  be  carefully  made.  The  rod 
should  terminate  below  in  water,  or  in  earth  that  is  alway» 
moist.  It  is  well  to  connect  it  with  underground  water* 
pipes  when  possible  or  with  a  large  metal  plate.  Personal 
attention  should  be  given  to  this  matter  when  the  rod  ifi 
put  up  as,  being  under  ground  and  out  of  sights  this  part 
of  the  rod  is  not  easily  inspected  subsequently.  A  rod 
having  a  blunted  tip,  a  broken  joint  or  terminaMn^ 
in  dry  earth  is  more  dangerous  than  no  rod  ai  aU 
Lightning-rod  insulators  are  undesircMe. 

{a.)  The  greatest  value  of  a  lightninpr-rod  is  dna  to  its  qtdet  work 
in  the  prevention  of  the  lightning  stroke.  For  this  quiet  but  very 
valuable  service,  few  persons  ever  give  the  rod  any  credit.  Every 
leaf  of  the  forest  and  every  blade  of  ^rass  is  a  pointed  conductor 
acting  in  the  same  way. 

(&.)  There  is  some  question  as  to  the  space  protected  by  a  rod,  but 
the  following  is  a  good  rule :  The  protected  space  is  a  cone  having 
its  apex  at  the  tip  of  the  rod  and  having  a  base  the  radius  of  which 
is  equal  to  the  height  of  the  cone. 

370.  The  Aurora  Borealis. — The  aurora  borealis 
or  "northern  light'*  is  frequently  seen  in  northern  re- 
gions ;  beyond  the  Arctic  circle  it  is  of  almost  nightly 
occurrence.  Sometimes  its  streamers  of  light  radiate  like 
the  ribs  of  a  fan  or  form  an  arch  across  the  northern  sky, 
as  shown  in  Fig.  156,  But,  as  seen  in  this  country,  it 
more  often  appears  as  a  few  streamers  of  a  pale  tint. 
Similar  lights  are  seen  in  south  polar  regions  and  are 
called  aurora  australis. 

The  atmosphere,  in  its  upper  strata,  is  highly  rarefied 
aud  conducts  electricity  aa  do  t\i©  i^ki^^e^  ^a««e.Ya.^^ASfiSkS8st 
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inbee  (Exp.  70).     There  is  little  doubt  that  Uie  anrora  ia 
due  to  electric  discbargee  in  this  rarefied  air.    T!io  appear- 


Fig.  156. 


ance  of  an  anrora  ia  generally  accompanied  by  a  "  mag- 
netic Btorm "  or  irregular  disturbance  that  affeets  all  of 
the  compaas  needles  over  a  considerable  part  of  the  earth. 

371.  Apparatus    and    Experiments. —-It    is 

neither  neceBsary  nor  very  desirable  that  all  of  tho  follow- 
ing experiments  be  performed.  Several  of  them  involve 
the  same  principle ;  bat  one  teacher  may  have  one  piece  of 
apparatus  and  another,  another  piece.  Additional  experi- 
ments may  he  found  in  "  The  First  Principles  of  Natural 
Philosophy,"  pp.  174^-176. 

Experiment  38. — Place  a  tin  plate  cont&ining  a  hao'iful  of  email 
Uti  of  tiesne  paper  apoD  the  prime  condactor  of  an  electric  macliinft 
Work  the  miGbine  and  thus  produce  an  imitation  sDOir  storm. 
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Experiment  39. — The  "  metaUic  plates  and  daixdiiglmagea"! 
tepreBenled  in  Fig,  IDT.  The  images  are  made  of  pitli.  The  uppa 
plate  is  in  comm  niiication  with  tiie  prime  condoctir, 
the  toner  one,  with  the  earth.  When  the  ■nf>iim 
is  worked,  the  imagee  dance  In  a  veiy  ladicrasl 
lanner.  Miplaiii..  Pith  baUa  may  be  sabatitatal 
ir  theiiuBges,  the  reeu]  ting  phenomena  being  knon 
J  "  Volta'H  hail."  The  experiment  ma;  be  umplified 
f  electrifyJDg  the  ioDer  snr&ce  ot  a  glass  tombki 
by  mbbing  it  upon  the  knob  of  the  prime  coDtludM 
and  pladug  the  tumbler  over  some  pith  balls  on  th« 
table. 

Experiment  40-— Place  a  dosen  pith  balls  or  atme 
Fig.  157.       bits  of  tissne  paper  on  a  table  between  two  boAi 
sboat  3  inches  (G  em.)  thick.    Place  »  pone  of  ^m 

opon  the  books  as  shown  in  Fig.  158.  ^_— 

Bub  the  upper  snrbce  of  the  glass        J^^~~/^   •.  •     W  /M 
with  the  dik  pad  mentioned  in  g  303     ^L^^^F  ''   ••  'M^^S^ 
lor  a  silk  handkerchief)  and  notice    ^^■Ir^'^^^oH^V^ 
he  liTelj' dauoe  of  the  pith  balls.  Fig.  ijS. 

Experiment  41. — In  the  "electric  chime."  represented  in  Ftg 
•68,  the  outer  bells  are  to  be  put  into  eommonicatioD  witli  the  prinif 
nndoctor;  the  central  bell  is  in  commonlcadon  with  the  earth. 


1 


The   dappere  are   suspended  bj  fdlk  threads.     Woik  the  nutohiiiq 
slowlj;  the  bells  will  begin  toiVng.    EgipUiin. 


ntlCTIONAL  BLECTRZQITT.  241 

Exparimeilt  42. — ^In  the  *'  Leyden  Jar  and  bells/'  shown  in  Ilg. 
HO,  the  left-hand  bell  is  in  commnnication  with  the  outer  coat  of  the 
Jv;  the  dapper  is  suspended  by  a  silk  thread.  When  the  jar  is 
diarged  and  placed  in  pontkm  as  represented,  the  bells  begin  to 

dag  and  continue  to  do  so  for  a  considerable  time.    Explain, 

•I 

Experiment  43. — ^In  the  **  electric  swing, "^  shown  in  Fig.  161, 
die  hoy  is  suspended  by  silk  ooids.  One  of  the 
tiwiilated  knobs  is  in  communication  with  the 
eartili;  thie  other  with  the  prime  conductor. 
When  the  machine  is  worked,  the  boy  swings  to 
indfra    EsDpiain. 

Experiment  44.— If  a  pupil  hold  a  Leyden 
)ur  by  the  outer  coat  and,  by  a  wire,  connect  the 
knob  of  the  jar  with  the  prime  conductor,  his  piQ,  |5|, 

knuckle  will  attract  -the  balanced  lath  (Exp.  6) 
when  the  machine  is  worked.    Escplam. 

Experiment  45.— Fasten  a  small  paper  kite  by  a  linen  thread  to 
tbe  prime  conductor.  When  the  machine  is  worked,  the  kite  wiH 
float  around  the  knob.    MDplain» 

Experiment  46. — ^Fasten  one  end  of  a  long,  small,  copper  wire  to 
the  prime  conductor.  Near  the  other  end  of  the  wire,  tie  a  silk  cord 
and  hang  it  from  the  cdling  or  other  support  so  that  the  end  of  the 
vertical  part  of  the  wire  shall  be  at  a  convenient  height.  To  this 
end  of  the  wire  attach  a  tassel  about  four  or  five  inches  long  made 
of  many  strips  of  light  tissue  paper.  Work  the  machine  and  the 
leaves  will  diverge.  Explain.  Extend  toward  it  your  clenched  fist ; 
the  leaves  seek  the  fist.  Explain*  Instead  of  your  fist,  hold  a  needle 
toward  the  tassel ;  it  will  be  blown  away.  Explain,  Hold  the 
needle  upright  under  the  tassel.   The  strips  will  collapse.    Explain, 

Experiment  47.— Stand  upon  the  insulating  stool  and  place  your 
^®ft  hand  upon  tlie  prime  conductor  of  the  electric  machine.  Hold  in 
/Oar  right  hand  a  sewing-needle  with  the  tip  of  the  forefinger  cover* 
^  the  end  of  the  needle.  Bring  the  right  hand  cautiously  near  the 
^Id-leaf  electroscope.  Notice  the  divergence  of  the  leaves.  Now 
^Xnoovisr  the  point  of  the  needle  and  bring  it  near  the  electroscope. 
Notice  the  marked  and  immediate  increase  in  the  divergence  of  the 
Wves.    BkBfUaku 

Experiment  48.— Place  an  "electric  whirl"  (which  consists  of 
t  jel  of  harlwoatai  wire  »rm9  nidiating  ft*om  a  pivot-supported  cantr^ 
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the  pointed  ends  being  all  bent  in  the  same  direction)  upon  the 
conductor.    Work  the  machine  and  the  arms  will  revolve,    (] 
162.)    BxpUm. 

Experiment   49.— The  "electric 
rery,"  repretsente^  in  Kg.  IfiS,  is  a] 
ty  modification  of  the  *'  electric  wbiri.^] 
The  short,  balanced  bar  is  provided  irift^ 
a  pointed  conductor  to  produce  rotaiy| 
motion  upon  its  supporting  pivot,  wlikh 
is  one  end  of  the  long  balanced  bA 
This  longer  bar 
is  also  provided 
with  a  pointed 
conductor    and 
supported      i  n 
turn     upon     a 
pivot,       which 
Fig.  162.  may  be  attached 

to     the     prime 
conductor.     When  the  machine  is  worked,  the  long  bar  revolvei 
upon  its  fixed  pivot ;  the  short  bar  revolves  upon  its  moving  pivot. 

•  Experiment  50. — Half  fill  a  wide,  glass  vessel  with  water.  Wlthii 
this,  place  a  glass  beaker  and  fill  it  to  the  same  level  with  water. 
By  a  wire,  connect  the  water  in  the  outer  vessel  with  the  earth ;  in 
similar  manner,  connect  the  water  in  the  beaker  with  the  electric 
machine.  Give  the  handle  of  the  machine  a  single  turn.  Dippiog 
one  finger  into  the  outer  water  and  another  into  the  inner  water,  a 
shock  is  felt.    Eooplain, 

Experiment  51.— Let  a  pupil  stand  upon  an  insulating  stool  (a 
board  supported  by  four  warm  tumblers  will  answer)  and  place  his 
left  hand  upon  the  prime  conductor.  Let  him,  with  his  right  hand, 
clasp  the  left  hand  of  another  pupil  not  insulated,  their  hands  being 
prevented  from  actual  contact  by  an  intervening  sheet  of  india-rub- 
ber cloth.  '  After  the  machine  has  been  worked  a  moment,  let  the 
insulated  pupil  remove  his  left  hand  from  the  prime  conductor  and 
clasp  the  free  hand  of  his  companion.  At  this  moment  of  clasping 
hands,  a  shock  will  be  felt     Explain. 

Experiment  52. — Cover  one  knob  of  the  discharger  with  gnn  oot* 
ton  sprinkled  with  powdered  rosin.  When  the  Leyden  Jar  is  dis* 
charged  wiih  this  diBchaigei,  t\ie  oo^Xaxl  «ayi  loi&n.  «x«^  lilted 
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the  ooTered  knob  of  the  diachaiger  into  contact  with  the  knob 
I  Jar  with  a  quick  motion. 

»eriment  53.— The  '*  elecirie  bomb/'  represented  in  Hg.  16i 
le  made  of  ivory,  heavy  gUuss,  or  thorough^ 
Boned  wood.  The  ends  of  the  two  metal 
are  rounded  and  placed  a  short  distance 
The  bomb  may  be  filled  with  gun- 
ST.  One  wire  is  connected  by  a  chain 
the  outer  coat  of  a  charged  Leyden  jar. 
ither  wire  is  to  be  connected  with  the 
coat  by  a  wet  string  and  the  discharger, 
park  between  the  ends  of  the  two  wires 
8  the  powder.  Then  try  the  experiment 
ftir  instead  of  powder.  Fig.  164. 

jtenment  54.-~Flg.  165  illustrates  a  method  of  igniting  aa 

inflammable  liquid,  like 
ether  or  alcohol,  by  the 
electric  spark.  Through 
the  bottom  of  a  small 
glass  vessel,  a,  passes  a 
metal  rod,  having  a  knob 
at  'its  upper  extremity. 
The  lower  end  of  tide 
rod  may  be  brought  into 
electrical  connection  with 
the  outer  coat  of  a  Ley- 
den jar.  Enough  ether 
or  alcohol  is  poured  into 
a  just  to  cover  the  knob. 
When  the  jar  is  dis- 
charged in  the  way 
shown  in  the  figure,  the 
spark  ignites  the  liquid. 
If  alcohol  is  used,  it  may 
have  to  be  warmed  to 
render  the  experiment 
successful. 

Experiment  55. — Let 
a  pupU,  standing  on  ao 
insulating  stool,  become 
ed  igr  holding  one  JjAod  on  the  prime  ooixdvic^i  ^Vi^u  tSaf 


Fig.  165. 


244 


rRlCTIONAL  SLSCTBICJTT. 


Fig.  i66. 


machine  is  in  operation.  If  he  then  bring  hifl  knuckle  to  a  meM 
burner  from  which  a  jet  of  gas  is  issuing,  a  spark  will  pass  be- 
tween the  knuckle  and  the  burner,  igniting  the  gas.  An  Aigaal 
or  Bunsen  burner  answers  well  for  this  experiment.  The  ezpiiU 
ment  may  be  modified  by  using,  instead  of  the  knuckle,  an  kidf, 
held  in  the  hand.  The  gas  burner  may  be  replaced  by  a  pupil  (nok 
Uisulated)  holding  a  spoonful  of  ether  or  of  chloroform  which  rea^ 
^ves  off  an  easily  combustible  vapor. 

Experiment  56. — The  "universal  discharger,"  shown  in  fig.  IM; 

consists  of  a  glass  table  and  two  insulated  metal  rods.    (See  §  868  &) 

Balls,  points  and  pincers  an 
provided  for  use  at  the  ai^ 
cent  ends  of  the  rods  which  an 
supported  upon  sliding  and 
hinged  joints,  so  that  they  may 
be  easily  placed  in  any  de^r* 
able  position.  Cover  the  ad- 
JQcent  ends  of  the  two  rodi 
with  metal  balls  and  place  them 
upon  the  glass  table,  a  small 
distance  apart  Connect  the  balls  by  a  very  fine  wire.  One  of  the 
rods  is  to  be  connected  by  a  wire  or  chain  with  the  outer  coats  of  a 
powerful  battery  ;  the  other  rod  is  to  be  connected,  by  the  discharger, 
(Fig.  150)  with  the  inner  coats  of  the  battery.  The  current  thus 
passed  along  the  fine  wire  may  heat  It  to  incandescence,  melt  or 
even  vaporize  it. 

Experiment  57.— Prick  a  profile  portrait  of  Franklin  or  some  other 
design  in  a  sheet  of  thin  card  board.  Paste  two  pieces  of  tin-foil  to 
the  ends  of  the  card  and  join  them  with  a  piece  of  gold  leaf  placed 
over  the  pricked  design.  Place  a  piece  of  white  paper  or  silk  on  the 
other  side  of  the  card  and  have  the  whole  tightly  screwed  up  be- 
tween two  boards,  leaving  the  edges  of  the  tin-foil  stripe  accessible. 
Discharge  a  Leyden  battery  through  the  gold  leaf,  thus  volatizing 
It,  sending  the  disintegrated  particles  through  the  holes  in  the  card 
board  and  obtaining  an  impression  of  the  portrait. 

Experiment  58.— Fig.  167  represents  "Volta's  pistol,"  which 
consists  of  a  metal  vessel  through  one  side  of  which  passes  an  in- 
sulated metal  rod  ^vitll  knobs  at  both  ends.  The  knob  at  the  inner 
end  of  this  rod  is  near  the  opposite  wall,  so  that  a  spark  may  easily 
oe  made  to  pass  between  the  knob  and  the  body  of  the  pistol.  The 
f^stol  being  M»d,  with  a  n^Lluie  ot  \i\\nfi^kn»X^x^|^  ^ysssan^ 
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1  equal  voltimea  or  with  oxjgm  uid  hydrogsn  in  tbe  pioportloii 
s  Tolnma  of  the  former  to  two  of  tlie  Imtter  and,  the  mouth  being 
d  ^  a  cork,  the  passage  of  the  spark  luiiigB 
I  a  chemical  uqIod  of  tbe  mixed  gasea,  a 
at  explodon  enauee  and  the  oork  ts  tbromi 
dUtanc0.  Tbe  epark  ma;  be  prodnced  by 
ng  the  pistol  in  the  liaod  and  bringing  the 
'  knob  near  the  prime  conductor ;  at  the 
I  jnaj  be  anapsnded  from  tbe  prime  oon- 
«  bf  a  wire  or  chain  and  the  pistol  then 
Led  with  the  hand.  The  pistol  maj  alao  be 
by  means  of  tbe  electTopboma, 

periment  59.— On  the  glass  table  of  the 

ssal  diacbarger  (Fig.  168),  place  a  piece  of  ^"'-   •^7- 

and  bring  the  kniibt  of  the  sliding  roda 
lat  Its  ends  so  that  tbe  line  Joining  the  knoba  aball   be  In 
IreeUon  of  tbe  flbere  of  the  wood.    Throngh  the  upparatits  thus 
iged,  discharge  a  powerfnl  Leyden  Jar  iMttery .    Tbe  piece  of 
1  will  be  torn  In  pieces. 

;perlment  00. — Support  a  pane  of  glasa  upon  a  glass  cylinder, 
e  axis  of  which  Is  a  pointed  conductor  that  just   tooohes  the 


.  On  the  npper  ride  of  the  pane  directly  over  this  pointed  con- 
r,  plmee  a  drop  of  oil  to  preveot  the  spark  from  ^Udiag  ovei 
inSMs  at  tbe  glaea  Instead  of  pasBlng  ihio\kg\i.   Yvn^  «a^&: 
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ntUted  Bnpport,  lower  a  second  pointed  conductor  onUl  h  touebM    ■ 
the  pane  at  tlie  oU.    Through  (heee  two  pointed  conducton  (Slf,    I 
188),diflchargBaLe7denJarop6fla«ry.    Unleaa the glaaa is Bwy ttd*,     . 
a  Bingle  jar  nJll  not  be  BuffidonL    If  the  esperimeDt  fwilB  the  flnl 
time,  do  not  use  the  isame  piece  of  glass  for  the  Hecond  trial.    A  pUla 
of  glaas,  6  em.  thick,  haa  been  pierced  by  means  of  a  powerful  In- 
duction taW. 

Experiment  6t. — With  corks,  plag  the  euda  of  a  glass  tube  flUad 
with  water.  Through  the  corks,  Introduce  copper  wires  until  tb« 
ends  in  the  water  are  within  a  qnarter  of  an  fnch  of  each  other. 
Through  theee  wires,  discharge  a  Lejden  Jar.  The  mechanical  shock 
dae  to  the  n^pulsion  of  the  electrified  water  molecolea  will  oft«« 
break  the  tube. 

Experiment  62.— Charge  a  Leaden  Jar.  In  discharging  it,  IhM 
A  stiff  card  between  the  knob  of  tbe  jar  and  the  knob  of  the  dig 


A  hole  will  be  pierced  ibro\lg^l  AAu  cud.    Bj  the  aide  of 
fa  hole  in  the  card,  make  antAWt  w\t\i  «.  ^^^     ^»l  <™*  «»»  ^^ 
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i  I7  aaminatton  of  the  [dn-liole  from  which  aide  of  the  cud  it  wu 
pietned ;  It  !■  baned  oa  only  one  aide.  Not  bo  with  the  perfontion 
made  by  this  diechuge ;  it  it  barred  on.  both  tide*. 

Experiment  B3. — Une  of  the  IneTltable  eiperimentB  with  an  elefr 
Bis  mftohine  oonaists  in  "  drawing  spkrka  "  from  tbe  conductor  bf 
the  huid  (Elg.  169).  When  the  potontial  of  the  separated  eleotrid* 
lies  becomes  Boffident  to  overcome  the  reelstuice  of  tlie  interrenlDg 
ur,  thejr  reoomtrine  with  a  sharp,  esplodTe  Bound  and  brilliant  flaab 
tfUght.    ^8«3.) 

Exporlment  64.— Divide  a  circle 
Into  black  ukd  white  Beetors,  as  shown 
in  Fig.  ITO,  and  attach  it  to  a  whirl- 
'  log  table  %  74).  Kevolve  it  so  tspidlj' 
that  the  colors  hiend  and  the  disc  ap- 
peare  %  oniform  graj.  Darken  the 
room  and  illwniDato  the  rapidlj  re- 
TolTing  tUse  by  the  electric  spark 
from  w.  ZjejdBa  Jar.  The  disc  will 
appear  wt  rest  and  each  sector  will 
appear  aepkrate  from  lie  neighbors. 
liiiB  diowB  Uuit  the  dtiration  of  the 
dectrle  spuk  1b  le«  than  the  persiet- 


Experiment  B5.— In  a  dark  room,  place  a  plem 
of  loaf  sugar  In  contact  with  the  outside  coat  of  « 
eharged  Lefden  Jar.  Place  one  knob  of  the  dis- 
charger npon  tlie  sug&T  and  bring  the  other  neat 
the  knob  of  the  jar.  Wlieu  the  jar  is  discharged 
thn«  thron^^  tbe  sugar,  the  eogar  will  glow  for 
sometime. 

Experiment  M.— The  "Inmlnons  jar,"  repre 
tented  In  Fig.  171,  ie  a  modified  Lejden  Jar.  The 
ODtar  coat  constste  cbiefl;  of  a  layer  of  varoish 
B(»ink1ed  over  with  metallic  powder.  A  strip  of 
tin-foil  at  the  bottom  affords  means  of  communica 
Won  with  the  earth.  A  similar  band  at  the  appei 
Fig,  171,  edge  of  the  outer  coat  is  presided  with  an  arm,  as 

shown  in  the  figure.     The  rod  of  the  Jar  ia  curved 

00  aa  to  bring  the  knob  near  the  projecting  arm  of  the  outer  coat. 

H»  Jbt  b  mupeaded  by  the  enrred  rod  from  fee  pnUM  wndncbit 


''BronONAL  BLMOTBlalTr, 


and  its  lower  strip  of  tin-foil 
witli  ite  auth.     Wben  the  machlnai 
worked,  spajka  pace  lietween  the 
and  the  projectinff  aim.    In  a  dark  roan, 
rhe  metallic  powder  coat  will  be 
fullj  illuminated  at  the  paaBBfi«  of 
^uch  spark. 


Experiment    67.— The 

pane"  1b  tepreeented   in  Fig.   173.     i 
coutinuouB  tin-Ioil  Btiip  ie  posted  bad 
and  forth  apon  the  surface  of  a  pliteitf 
glaae.    The  upper  end  of  this  strip  la  m- 
nt;cled  with   the  prime  conductor;  1i» 
lower  end  with  the  earth.     A   series  d 
breaks  in  this  continnous  condnctor  nttj 
be  made  hj  cntting  it  acroes  with  a  ahair 
pen-knife.    When  the  machine  is  worl 
a  small  spark  will  appear  at  each  br 
thus  made.      These  breaks  maj  be 
ranged  Bo  as  to  represent  a  flower,  a 

iwh,  word  or  other  de- 
Tbe  sparks  atb 

really    Bucceetdve,   but 

thej  seem  to  be  siidqI. 


Experiment     6S.— 

The  "luminous  globe" 
is  represented  In  Fig. 
ITS  nnd  the  "  luminous 
tul>e"inFig.  174.  The 
first  of  these  consists 
of  a  hollow  glass  globe, 
on  the  inner  snrtiice  of 
which  small  discs  of 
tin-foil  are  placed  very 
near  each  other.  The 
first  disc  is  in  connec- 
tion with  the  prime 
conductor,  and  the  last 
one  with  the  ground. 
Wten  iU«  s 
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i,  bright  ■parkB  ^ppMr  at  tuh  Iwsak  between  the  diaea.  Tha 
iction  and  action  of  tbe  lominoiu  tabe  are  siinilar.  A11  of 
uninouB  effects  are  beat  exhibited  in  tlie  dark. 

iriment  69. — If  two  barometer 
ouiled  at  tlie  top,  be  filled  with 
J  and  inverted  over  two  capa  of 
J,  as  shown  in  Fig.  175,  a  Torri- 

Tkcunin  will  be  formed  at   the 

When  the  mercnry  of  one  cap  is 
ted  with  the  prime  conductor  and 
'  the  other  with  the  e«nh,  the  np- 
t  of  the  tube  (containing  only  mer- 
id  other  vapora)  is  filled  with  light. 
[imliiosltj  may  be  increased   by 

the  temperatnre  and  thus  in- 

g  tbe  denMty  of  tha  aEriform  oon- 

(A  true  Tacunm  will  not  con- 

leetridty.)     The  appdntna  may 

Into  t)ie  circait  of  an  indactlon 
■tead  of  connecting  it  with  tbe 
xndDCtor  and  the  earth. 

irilMIlt  70. — "Qdnler's  TnbeB" 

■)ed    glass    tnbeci    containing   a 

HF— *«<  T»por  or  gao.     Platinnm 

■M  wlnfl  Into  the  glass  at  each 

eandnBt  the  electric  ciiiTHnt  to 

MoVjif  the  tabe.     The  brilliancy 

pdifafthe  light,  tbe  great  variety 

m  Calar  and  fluorescence,  are  Indescribable.   They  are  made 

t  nrie^  ti  form  and  aixe  and  filled  with  rarefied  vapors  and 

k-BU^  kinds.     A  few  of  the  forms  are  represented  in  Fig. 


Fig.  r7s, 


n  electric  machine  o 
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Experimsnt  71. — In  "Crookes'B  TnbcA,"  derised  In  maaj  k 
by  Prof.  Crookee  tor  bis  inveertigatlOQB  of  the  phenomena  of  "  nd 
m&tter  "  (§  99  b),  the  t«asiOD  of  the  contained  gas  is  redticed  to  ■] 
one  mUlioDth  of  an  atmosphere,  far  below  that  of  GeiBele/*s  to 
Under  the  influence  of  the  electric  discharge,  matter  seems  td 
radiated  from  the  negative  pole  in  straight  lines  and  in  dlreoU 
perpendicular  to  the  radiating  eiirfac«. 


^ 


^ 


Fig.  177. 

(a.)  One  of  these  tuhes,  used  to  show  that  radiant  matter"  1 
siert  mechanical  action,  is  shown  in  Fig.  177.  It  conaiata  of  a  hi( 
'Exhausted  glass  tube  containing  a  glate  railwa}'.  Tlie  axle  1 
small  wheel  revolves  on  the  rails,  the  spokes  of  the  wheels  carr 


■**-5?«41)  Jli«)hif::^_ 


mica  paddles.     Pole  pieces  are  fused  in  thw^gt  the  glaas,  as  rej 
tented.     Whicherer  pole  Kt  made  neEB.tv^«, "  nd^sxA.  imX^ja"  a 
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fimn  it  along  the  tube,  strikes  the  upper  paddles,  causing  the  wheel 
to  roll  along  the  railway.  By  reversing  the  poles,  the  motion  of  tho 
wheel  may  be  stopped  and  reversed. 

(ft.)  To  show  tiuLt  "radiant  matter"  may  be  deflected  from  u 
itraight  line,  he  devised  the  tube  shown  in  Fig.  178.  The  negative 
pde,  a  &,  is  in  the  form  of  a  shallow  cup.  A  mica  screen,  e,  shields 
the  mica  paddle-wheel,  ef.  By  holding  one  pole  of  the  magnet,  g, 
over  the  tube,  the  matter  radiated  from  a  &  is  deflected  upward  and 
[.  the  wheel  caused  to  revolve  like  an  overshot  water-wheel.  By  hold- 
ing the  other  pole  of  the  magnet  over  the  tube,  the  molecular  stream 
is  deflected  downward  and  the  wheel  caused  to  revolve  as  an  under- 
shot water^wheeL    (See  Appendix  C.) 

372.  Relation  of  Electricity  to  Energry.— 

The  work  necessarily  performed  in  operating  an  electric 
machine  is  not  all  expended  in  overcoming  inertia  and 
friction.  Much  of  it  is  employed  in  producing  electric 
separation.  It  matters  not  whether  this  separation  be 
the  separation  of  two  fluids  or  of  something  else.  Wliat- 
ever  he  the  nature  of  the  realities  separated,  me- 
chanicaZ,  kinetic  energy  is  employed  in  the  separa- 
tion and  converted  into  the  potential  variety  (§  159). 
An  electrified  pith  ball  or  a  charged  Leyden  jar  is  simply 
an  electrostatical  reservoir  of  potential  energy.  In  the 
discharging  of  such  a  hody,  the  passage  of  the  current  is 
accompanied  by  a  loss  of  potential  energy.  What  becomes 
of  this  energy?  This  leads  us  to  look  for  effects  due  to 
it,  to  work  done  by  it.  Many  illustrations  of  work  thus 
done  have  been  furnished  in  the  experiments  just  de- 
scribed. In  every  case  of  electric  attraction  or  repulsion, 
we  have  an  evident  reconversion  of  this  potential  energy 
into  mechanical  kinetic  energy.  We  shall  soon  see  that 
the  sonnd,  heat  and  light  accompanying  electric  dis- 
charges are  forms  of  energy  due  to  the  conversion  of  the 
potential  energy  of  electric  separation.    We  shall  see  other 
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effects,  more  or  less  powerful,  when  we  come  to  study 
voltaic  and  other  forms  of  cuiTent  electricity. 

EXEBCISES. 

1.  (a.)  If  a  gold-leaf  electroscope  be  placed  within  a  tin  pail  wMcli 
is  insulated  and  electrified,  what  will  be  the  action  of  the  electro- 
scope?   (6.)  Explain. 

2.  (a.)  Why  may  one  obtain  a  stronger  spark  from  a  Leyden  jar 
than  from  the  machine  by  which  it  is  charged  ?  (&.)  -A.  Leyden  jar 
standing  upon  a  glass  plate  cannot  be  strongly  charged.     Why  ? 

3.  (a.)  A  globe  that  is  polished  will  remain  electrified  longer  than, 
one  that  is  not  polished.  Why  ?  (&.)  Can  you  devise  an  appendage 
to  the  outer  coat  of  a  Leyden  jar,  so  that  it  may  be  charged  whei^ 
standing  upon  a  plate  of  glass  ? 

4.  (a.)  Describe  the  plate  electric  machine.  (6.)  Explain  its  ac- 
tion,   (c.)  Explain  the  action  of  the  electrophorus. 

5.  (a.)  A  minute  after  the  discharge  of  a  Leyden  jar,  a  second  andi 
feebler  spark  may  generally  be  obtained.  Explain.  (6.)  State  two 
uses  of  lightning-rods. 

6.  {a.)  Having  a  metal  globe  positively  electrified,  how  could  you 
with  it  negatively  electrify  a  dozen  globes  of  equal  size  without 
afiecting  the  charge  of  the  first  ?  (6.)  How  could  you  charge  posi- 
tively one  of  tne  dozen  without  afiecting  the  charge  of  the -first? 

7.  Can  you  devise  a  plan  by  which  a  series  of  Leyden  jars,  placed 
upon  a  glass  plate,  may  be  simultaneously  charged,  the  first  posi- 
tively, the  second  negatively,  the  third  positively,  the  next  nega- 
tively and  so  on  ? 

8.  How  would  you  prove  that  there  is  no  electrification  within  a 
closed  conductor? 

9.  At  what  distance  from  a  small  sphere  charged  with  28  units  of 
electricity  must  you  place  a  second  sphere  charged  with  56  units 
that  one  may  repel  the  other  with  a  force  of  32  dynes  ?    Ana.  7  cm. 

10.  If  a  number  of  Leyden  jars  be  separately  charged  in  the  or- 
dinary way  and  then  connected  iu  series,  so  that  the  outer  coating 
of  one  is  connected  with  the  inner  coating  of  the  next,  will  the  po- 
tential of  the  battery  be  changed  and  in  what  way  ? 

11.  Will  the  **  striking  distance  "  of  a  battery  of  Leyden  jars  in 

series  be  less  or  greater  than  the  striking  distance  (i.e.,  the  greatest 

distance  at  which  the  discharge  by  spark  will  take  place  through 

air)  of  a  battery  of  the  same  number  o^  «kVaui«L£  c;^'&«xt^'ii^^vi\st^<^s^ 

tmAown  in  Fig.  152? 
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Id.  In  what  way  may  an  electric  charge  be  divided  into  three 
equal  parts? 

13.  Suppose  two  similar  condactors  to  be  electrified,  one  with  a 
+  charge  of  5  units  and  the  other  with  a  ~  charge  of  3  units. 
They  are  made  to  touch  each  other.  When  they  are  separated, 
what  will  be  the  charge  of  each  ? 

Ans.  One  unit  of  +  electricity. 

14.  Why  are  telegraphic  signals  through  a  submerged  cable  re- 
tarded in  transmission  t 
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Recapitulation. — ^To  be  amplified  by  the  pc 
review. 
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^Sectjon  hi. 

VOLTAIC    AND    THERMO-ELECTRICITY. 

373.  Chemical  Action. — All  chemical  changes  are 
accompanied  by  electric  separation.  The  substances  acted 
upon  may  be  solid^  liqaid  or  aeriform,  but  the  chemical 
dction  between  liquids  and  metals  gives  I'esults  the  most 
satisfactory.  .Electricity  thus  developed  is  called  voltaic 
or  galvanic  electricity.  Its  energy  is  derived  from  the 
potential  energy  of  chemical  affinity  (§  7). 

374.  Current  Electricity. — The  principal  classes 
of  electric  currents  are  as  follows: 

(1.)  Currents  produced  by  chemical  action,  i.  e., 
voltaic  electricity, 

(2.)  Currents  produced  by  heat,  i.  e,,  thermo- 
electricity. 

(3.)  Currents  produced  by  other  electric  currents 
or  by  m^agnets,  i,  e.,  induced  electricity. 

(a.)  We  have  seen  that,  when  a  body  having  an  electrical  charge 
is  properly  connected  with  another  of  lower  potential,  there  is  a 
transfer  of  electricity  from  the  former  to  the  latter.  This  implies 
that  there  is  an  electric  current.  But  this  current  is  only  momentary 
and  of  little  importance  in  comparison  with  the  currents  that  we  are 
about  to  consider.  Current  electricity  may  differ  from  static  elec- 
tricity in  quantity,  electromotive  force,  etc,,  but  not  in  its  nature. 

375.  The  Voltaic   Current.  —  When  a  strip  of 
copper  and  one  of  zino  are  placed  in  d\\\xte  s^xxV^liuric  acid 

25 
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or  in  a  battery  aolation  like  ihsi  one  already  used,  the  tvti 
strips  being  connected  above  the  acid  by  a  wire  coDductoi;i 
a  current  of  electricity  is  produced 
The  apparatus  here  described 
is  called  a  voltaic  or  galvani« . 
element  or  cell. 

(a.)  For  TolUtic  parpceea,  the  sulphohc 
add  Bbould  be  diluted  by  elowlj  jmmvv 
the  oeid  into  ten  or  twelve  Umee  its  balk 
of  soft  water.  Do  not  ponr  the  witer 
into  the  add. 


F(G.  179. 


376.  Whence  the  Energy 


of  Current  7 — The  energy  of  the  current  is  due  to  the 
potential  energy  of  chemical  affinity  existing  between  the 
acid  and  the  zinc.  As  the  chemical  affinity  between  coal 
and  oxygen  develops,  in  the  furnace,  a  form  of  kinetic  en* 
ergy  that  we  call  heat,  so  the  potential  energy  of  obemical 
separation  between  the  acid  and  the  zinc  derelops,  in  tfaa 
cell,  tlie  two  varieties  of  kinetic  energy,  heat  and  electric 
current.  The  coal  is  consumed  in  the  one  case;  the  zinc, 
in  the  other. 

377.  Direction  of  the  Current, — For  this  pro- 
duction of  the  electric  current,  it  is  necessary  that  the 
liquid  have  a  greater  action  npon  one  plate  than  upon  the 
other.  The  plate  that  is  more  vigorously  acted  upon  by 
the  liquid  constitutes  the  generating  or  positive  plate ;  the 
other,  the  collecting  or  negative  plate.  This  relation  of 
the  plates  determines  the  direction  of  the  current.  In 
the  liquid,  the  current  is  from  the  positive  to  the 
negative  plate;  in  the  wire,  the  current  is  from 
'he  positive  to   the   Tie^ottiue    electrod*.     In.  wwi^ 
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%  the  current  passes  from  +  to  —,    The  direction 
the  eurrent  is. indicated  by  arrows  in  Fig.  179. 
When  the  wires  from  the  two  plates  are  in  contact,  it 
[JBBaid  that  the  circuit  is  closed ;  when  the  plates  are  not 
thus  in  electric  connection,  it  is  said  that  the  circuit  is 
brolcen. 

378.  Electrodes. — It  may  help  the  memory  to  sup- 
pose that,  in  a  voltaic  cell,  two  currents,  opposite  in  kind 
and  direction,  are  simultaneously  produced.  It  will  be 
readily  understood,  by  keeping  in  mind  the  direction  of 
these  two  currents,  that,  if  the  circuit  be  broken,  negative 
electricity  will  accumulate  at  the  end  of  the  wire  attached 
to  the  positive  plate  and  positive  electricity  at  the  end  of 
the  wire  attached  to  the  negative  plate.  These  ends  of 
the  wires  are  then  called  poles  or  electrodes.  The 
negative  pole  is  attached  to  the  positive  plate  and 
vice  versa.  The  plate  or  electrode  from  which  the 
current  flows  is  +  ;  that  toward  which  the  current 
flows  is  — .  Strips  of  platinum  are  often  fastened  to  the 
ends  of  the  wires;  these  platinum  strips  then  constitute 
the  electrodes. 

379.  Resistance. — Every  electric  circuit  offers  a  re- 
sistance to  the  passage  of  the  current.  This  resistance 
will,  of  course,  depend  largely  upon  the  materials  used  for 
the  circuit     (See  Appendix  K.) 

( 1.)  With  a  conducting  wire  of  a  given  materialy 
the  resistance  is  proportional  to  the  length.  If  the 
resistance  of  a  mile  of  telegraph  wire  be  13  ohms,  the  re- 
sistance of  50  miles  of  such  wire  will  be  (13  ohms  x  50  =) 
650  ohms. 
(2.)  Jf^th  a  conducting  mire  of  a  ^iven  materlolix 
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the  resistance  is  inversely  proportional  to  its 
tiofial  area,  to  the  square  of  its  diameter  or  to 
weight  per  linear  unit.    If  one  conductor  be  twice  tl 
diameter  of  another  made  of  the  same  length  and  matei 
the  sectional  area  or  the  weight  per  foot  or  yard  will 
(2^=)  four  times  as  great  and  the  resistance  of  the  fintj 
will  be  one-fourth  as  great  as  that  of  the  second.    If  they] 
be  made  of  the  same  material  and  lengthy  one  weighing 
twice  as  much  per  foot  as  the  latter,  the  resistance  of  the 
former  will  be  half  as  great  as  that  of  the  latter.    (See 
Appendix  I.) 

(3.)  The  resistance  of  a  conducting  mire  of  given 
length  and  thickness  depends  upon  the  material 
of  which  it  is  made,  i.  e,,  upon  the  specific  resisir 
ance  of  the  material.     (See  Appendix*  K,  [2].) 

(4.)  The  resistance  of  a  given  conductor  may  vary  with 
its  temperature.     (See  Appendix  K,  [3].) 

(a.)  Conductivity  and  resistance  are  Feciprocals,  but  it  is  more 
common  to  speak  of  the  resistances  of  conductors  than  of  their  con- 
ductivities. 

380.  The  Practical  Unit  of  Besistance.-^ 

ITie  practical  unit  of  resistance  is  caUed  an  ohm* 
A  megohm  is  a  million  ohms.  A  microhm  is  one- 
millionth  of  an  ohm.  The  ohm  is  the  resistance  of  a 
column  of  mercury  one  square  millimeter  in  section  and  at 
the  freezing  temperature  (0°  C).  The  exact  length  of  this 
column  is  to  be  determined  experimentally  by  an  interna- 
tional commission.  A  recent  determination  of  the  value 
of  the  ohm  (probably  the  best  yet  made)  gives  the  mercury 
column  a  length  of  106.3  cni.  If  the  pupil  will  get,  from 
Bome  dealer  in  electrical  suppViea,  4a  1^.  oi^o.'^^^vcL^x^iai^^ 
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eopper  wire  (see  Appendix  I),  he  will  have  a  very  good 
dandard  ohm. 

(a.)  A  galvanized  iron  (telegraph)  wire,  4  millimeters  in  diameter 
md  100  meters  long,  or  a  pare  copper  wire,  1  millimeter  in  diameter 
Mid  48  meters  long,  has  a  resistance  of  abont  one  ohm.  An  ohm 
iqnals  10*  absolute  electro-magnetic  units  (§  452).  (For  the  measure^ 
ment  of  resistances,  see  Appendix  M,  [2  and  3].) 

381.  Gxamples.— <a.)  If  the  resistance  of  180  yd.  of  copper 
wire,  ^Y  inch  in  diameter,  be  one  ohm,  what  is  the  resistance  of  260 
yd.  of  copper  wire,  -^  inch  in  diameter  ?  Since  the  diameter  of  the 
first  wire  is  twice  that  of  the  second,  the  sectional  area  of  the  first  will 
be  four  times  that  of  the  second.  (Areas  of  circles  are  proportional 
to  the  squares  of  their  diameters.)  Therefore,  the  resistance  of  the 
BBme  length  (130  yds.)  of  the  smaller  wire  will  be  four  times  that  of 

[  ilie  larger  wire,  or  4  ohms.  But  the  second  or  smaller  wire  is  twice 
as  long.  Therefore,  its  resistance  will  be  twice  (f  }g)  as  great,  or  8 
ohms.  Ans.  8  ohms. 

(5.)  What  is  the  resistance  of  20  yd.  of  platinum  wire,  0.016  inch 
in  diameter,  if  the  resistance  of  200  yd.  of  copper  wire,  134  mils  in 
diameter,  is  0.34  ohm  and  the  relative  resistances  of  platinum  and 
copper  are  as  11.3 : 1  ?  (A  mU  is  the  one-thousandth  of  an  inch. 
rhe  term  is  frequently  used  in  descriptions  of  wire.) 

AQ^    1,  20      /134\«      lt.3       ^-_    , 

0.34  ohm  X  ^r^  x  [  -zr^  \    x  -^  =  26.95  ohms. 

Ans.  26.95  ohms. 

382.  ElectromotiTe  Force. — Electromotive  force 
(often  written  B.  M,  F.  or  simply  E,)  is  tlie  mysterious 
power  that  caases  a  transfer  of  electricity  from  one  point 
to  another.    It  is  somewhat  analogous  to  hydrostatic  pres- 
sure.    Whereyer  there  is  difference  of  potential,  there  is 
E.  M.  F.    The  terms  are  not  synonymous,  although,  for 
eonyenienoe,  E.  M.  F.  is  often  expressed  as  difference  of 
potential  and   vice  versa.     The   E,  M,  F,  of  a  voltaic 
cell  depends  upon  the  nature  of  the  materials  used  and 
not  upon  the  size  of  the  plates  or  the  distance  between 

tbew. 
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The  unit  of  eUetromotive  force  is  eaUed  a  voUM 
A  microvolt  is  one-millionth  of  a  volt. 

A  volt  IB  u  little  less  than  the  E.  M.  F.  of  a  Daniell  cell  \ 
(§  394),  which  measures  1.079  volts. 

(a.)  A  volt  equals  10^  absolute  electro-magoetic  uiiits  (§  4>i^  I 
(For  the  measurement  of  E.  M.  F.  see  Appendix  H,  [4].) 

383.  Internal    Resistance.  —  We  may  ima^na  I 
that  the  two  plates  of  a  voltaic  cell  are  connected  t 
liqmd  pnsm     The  greater  the  distance  between  the  plates,  ' 

the  longer  thiB  prism  and  the  greater  its  resistance.  The 
larger  the  plates,  the  larger  the  prism  and  the  less  its  re- 
sistance    (See  Appendix  M,  [3].) 

When  the  circuit  is  closed,  hydrogen  is  set  free  by  the 
decomposition  of  the  liquid  and  rises  from  the  surface  ot ' 
the  negative  plate.  Gases  are  poor  conductors.  Hence, 
the  hydrogen  bubbles  that  often  adhere  to  the  negative 
plate  increase  the  inte.rnal  resistance  of  the  cell  by  lessen- 
ing tlio  e£E<.ctive  surface  of  the  plate  (§  389).  This  ten- 
dency of  the  h3drogen  to  adhere  to  the  plate  is  one  ot 
the  pi-aetical  difficulties  to  be  overcome  in  working  a 
voltaic  cell  or  battery, 

384.  Fall  of  Potential. — The  existence  of  a  cn^ 
rent  is  evidence  ot  a 
difference  of  potential 
at  any  two  consecn- 
tive  points  of  the  cir- 

j  C  cuit.     It  may  be  well 

to  compare  the  flow 

"^  of  electricity  with  the 

flow  of  water  in  hori- 

tiaital  pipes  and  diSerence  ot  potew\.\a\  mftv  S\Sssi«w»  A 
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M  A^^Fostatic  preeeore.  Let  Fig.  189  repreeent  a  Teasel  filled 
■  vith  water.  The  tap  at  (7  ie  closed  and  the  water  stands  at 
the  same  level  in  all  of  the  vertical  tubes  (§  HZi)  Bhowing 
that  there  is  no  difference  of  pressure  and,  consequently,  no 
liquid  flow.  Similarly, 
when  there  is  do  differ- 
ence of  potential  there  is 
no  electric  flow.  But 
when  the  tap  at  (7  is  j 
opened,  aa  represented  ^^^^^^^ 
in  Fig.  181,  it  is  noticed 
that  the  level  in  the  ver- 
tical tubes  becomes  lower  as  we  pass  from  A  toward  C.  The 
height  of  water  in  each  vertical  tube  indicates  the  pressure 
at  that  part  of  the  tnbe,  B.  This  difference  in  hydrostatic 
pressure  produces  a  flow  of  water.  In  much  tlie  same  way, 
if  the  electric  potential  of  a  voltaic  circuit  lie  measured  at 
different  points,  it  will  be  foiind  to  decrease  from  the  +  pole 
to  the  —  pole.  If  the  circuit  be  a  wire  of  uniform  size 
and  material,  the  resistance  offered  by  it  will  be  uniform 
and  the  potential  will  fall  uniformly.  If,  however,  the  cir- 
cuit be  made  to  have  a  varying  resistance  in  different  parts, 
the  potential  will  fall  most  rapidly  along  the  parts  of 
greatest  resistance.  For  the  whole  or  any  part  of  the 
circuit,  the  fall  of  potential  will  be  proportional  to  the 
resistance. 

(a.)  Anamberof  fajdniulic  motors  TaB,j  l)e  vrorkt^  "in  eeries" 
npon  a  given  water  pipe,  tlie  outflow  of  tlie  first  Ix'inft  tlie  sujiply  of 
the  second.  The  work  done  in  any  motor  may  1ip  di-tprmlned  from 
the  quantity  of  w»ti:r  flowing-  tlircmgli  tlie  pii*?  or  iiioti)r  per  swoiid 
and  Ae  difference  t>etwuen  the  supply  pressure  and  the  back  pressure 
at  the  motor.  There  will  be  a  fall  of  pressure  between  the  two  sides 
^tliff motor »$woit.    Theaoie  worb  themotoThKSUdo.thsmon 
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rengtanee  it  will  offer  to  the  flow  of  water  and  the  greater  the  fall 
pressure.     Similarlj,  a  number  of  telegraphic  instnunents  or  eli 
lamps  maj  be  placed  in  series  upon  an  electric  circuit.     The 
done  in  each  instrument  or  lamp  will   depend  upon   the 
strength  and  the  difference  of  potential  between  the  two  termi 
of  the  instrument  or  lamp.    There  will  be  a  fall  of  a  certain  nombef 
of  volts  between  the  two  terminals,  depending  upon  the  intervenim 
resistance. 

385.  The  Ampere.— The  strength  of  current  oriig 
rate  of  flow  (often  called  its  inteosity)  will  depend  upon 
electromotive  force  and  resistance,  increasing  with  the 
former  and  decreasing  with  the  latter.  The  unit  of 
current  is  called  an  ampere.  One-thousandth  of 
an  ampere  is  called  a  milli-ampere.  At  any  given 
instant,  the  current  is  the  same  at  every  part  of  the  circuii 

{a,)  The  telegraphic  currents  commonly  used  on  main  lines  vary 
from  5  to  15  milli-amperes.  The  currents  commonlj  used  in  electric 
arc  lamps  vary  from  7  to  20  amperes. 

(6.)  The  strength  of  a  current  may  be  measured  by  its  heating 
effect  (§471)  or  by  the  products  of  electrolysis,  as  in  the  case  of  the 
water  voltameter  (§  410).  But  currents  are  generally  measured  by  in- 
struments like  the  galvanometer  (§418),  or  by  their  electro-magnetic 
effects.     An  instrument  so  used  is  called  an  ammeter  (abbreviated 

from  ampere-meter).    An  ampere  equals  0.1  or  10~^  of  an  absolute 
electro-magnetic  unit  (§  452). 

386.  Ohm's  Law. — The  strength  of  current 
varies  direcUy  as  the  E.  M.  F,  and  inversely  as 
the  resistance.  This  resistance  is  the  total  resistance  of 
the  circuit,  including  the  internal  resistance  of  the  cells 
or  dynamo  and  the  resistance  of  the  external  circuit 

y^oltS  .  n         E  1:1         rf         r,       T^         E 

Oh^s  =  -^"^^^^^^^  '"'^^^-R     -  E^C>,R',R=.  -^. 

Standards  for  strength  of  current  have  not  yet  been 
made. 
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(a.)  Ohm's  great  service  (A.D.,  1837)  to  electrical  science  consisted 
largely  in  the  introdnction  of  the  accarate  ideas,  electromotive 
force,  current  strength  and  resistance.  "Before  his  time,  the 
quantitative  drcumstances  of  the  electric  current  had  heen  indicated 
in  a  very  vague  way  by  the  use  of  the  terms  'intendty'  and 
'  quantity/  to  which  no  accurately  defined  meaning  was  attached.*' 

(&.)  If  we  have  a  difference  of  potential  that  secures  an  E.  M.  F. 
of  18  volts,  and  if  the  total  resistance  of  the  circuit  be  3  ohms,  the 
strength  of  the  current  will  be  6  amperes.  18  -»-  8  =  6.  The 
analogy  of  flowing  water  will  again  help  us.  The  rate  at  which  the 
water  is  delivered  will  depend  upon,  not  only  the  head  or  pressure 
(corresponding  to  £.  M.  F.),  but  also  upon  the  resistance  it  meets  with 
in  flowing.  If  the  pipe  be  small  and  crooked  or  if  it  be  choked  with 
sand  or  sawdust,  the  water  will  flow  in  a  small  stream  even  though 
the  pressure  be  great. 

Experiment  72. — ^Blake  four  coils  or  spools  of  insulated  wire  as 
follows :    (See  Appendix  L) 


Na  1,  of  100  feet  of  Ko.  16  gauge,  copper. 

No.  2,  of  100       ••      ••    80 

No.  8,  of  60       "      '•    80      " 

No.  4,  of   60       ••      «•    80      '•       german  silver. 

Place  the  wire  of  the  first  spool  and  a  galvanometer  (§  418)  in  the 
circuit  of  one  cell  and  note  the  number  of  degrees  of  defiection  of 
the  galvanometer  needle.  Put  the  second  spool  in  place  of  the  first 
The  smaller  deflection  shows  that  (other  things  being  equal)  the 
No.  16  wire  transmits  more  current  than  the  No.  30.  Why  ?  Then 
add  the  third  spool  to  the  circuit.  The  still  smaller  deflection  shows 
that  (other  things  being  equal)  a  long  wire  transmits  less  current 
than  a  shorter  one.  Why?  Remove  the  second  spool  from  the 
circuit  and  note  the  deflection  of  the  galvanometer.  Put  the  fourth 
spool  in  place  of  the  third.  The  diminished  defiection  shows  that 
(other  things  being  equal)  a  german  silver  wire  transmits  less  current 
than  a  copper  wire.  Why  ?  With  any  one  of  the  spools  in  the  cir- 
cuit, compare  the  galvanometer  defiections  produced  by  a  Bunsen 
cell  and  by  a  gravity  cell  and  notice  that  the  former  gives  the 
stronger  current. 

Note. — These  experiments  give  mry  crude  remits  but,  such  as 
they  are,  they  fairly  represent  the  measurements  that  prevailed 
until  recently.  More  accurate  measurements  with  numerical  repre- 
sentations of  the  results  are  now  demanded.    The  rapid  advances  of 
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electrical  science  within  the  last  few  decades  have  been  very  laigd{| 
dae  to  the  adoption  of  definite  anits  and  aocnrate  deteiminai 
(See  Appendix  M.) 


387.  The  Coulomb.— 5%e  unit  of  quantity ^ 
called  the  coulowh.  It  is  the  quantity  of  eUd^ 
tricity  given  by  a  one  ampere  current  in  cm 
second.  A  ten  ampere  current  will  give  thirty  coulombi 
in  three  seconds. 

(a.)  The  word  "  quantity "  was  formerly  used  in  the  sense  i& 
which  the  word  **  intensity  "  was  used  in  §  385,  while  the  latter 
word  was  used  as  if  it  depended  upon  E.  M.  F.  alone.  But  quantitj 
of  electricity,  clearly,  depends  upon  the  strength  of  the  current  aiA 

the  time  thai  the  current  flotos.    A  coulomb  equals  0.1  or  10~^  of  an 
absolute  electro-magnetic  unit  of  quantity  (§  452). 

Exercises. 

1.  What  length  of  No.  10  pure  copper  wire  (B.  &  S.)  will  have  a 
resistance  of  1  ohm  ?    (See  Appendix  I.)  Ans.  961.54  ft. 

2.  A  given  battery  has  an  E.  M.  F.  of  12  volts.  The  internal 
resistance  is  8  ohms.  The  resistance  of  the  external  circuit  is  4 
ohms.     What  is  the  strength  of  the  current  ? 

3.  Tlie  4  cells  of  a  given  battery  are  connected  so  that  the  total 
E.  M.  F.  is  4  volts  and  the  internal  resistance  is  20  ohms.  The 
external  circuit  has  a  resistance  of  20  ohms.  What  is  the  strength 
of  the  current  ?  Ana,  0.1  ampere. 

4.  What  length  of  copper  wire  4  mm,  in  diameter  will  have  the 
same  resistance  as  12  yd.  of  copper  wire  1  mm.  in  diameter  ? 

Ans.  192  yd. 

5.  The  4  cells  of  a  given  batteiy  are  connected  so  as  to  give  an 
E2,  M.  F.  of  2  volts  and  to  have  a  total  internal  resistance  of  10  ohms. 
The  external  circuit  is  a  stout  copper  wire  with  a  resistance  so  small 
that  it  may  be  ignored.     What  is  the  current  strength  ? 

6.  The  same  battery  is  used  with  a  telegraphic  sounder  in  the 
circuit.  This  instrument  liaa  a  resistance  of  5  ohms.  What  is  the 
current  strength  ?  Atis.  133  milli-amperes. 

7.  The  resistance  of  47  ft.  of  copper  wire,  22  mils  in  diameter, 
being  1  ohm,  find  the  resistance  of  200  yd.  of  copper  wire  184  mils 
in  diameter.  Ans.  0.84  ohm. 

If  yon  do  not  know  wliat  ^  iuV\  \^,  coxeviX^  \i\v^  \xi^^«^^ 
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d.  A  batteij  lias  a  current  of  2  amperes  flowing  thioagli  a  total 
Hfetance  of  9  ohms.    What  is  the  £.  M.  F.? 

9.  The  E.  M.  F.  of  a  battery  is  10  volts.  The  current  is  1  ampere. 
The  external  resistance  is  6  ohms.  What  is  the  internal  resistance 
aC the  battery?  Ans.^oYana. 

.  10.  The  potential  of  a  current  £ei1Is  45  volts  between  the  two 
tftminalB  of  an  incandescence  lamp.  The  current  measures  1.25 
jnperea.     What  is  the  resistance  of  the  lamp?        An»,  86  obms. 

Q^  H  you  do  not  know  what  an  incandescence  lamp  is,  consult 

U0  IsdtfK 
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388.  Amalgainatiiig:  the  Zinc— Ordinary 

mercial  zinc  is  far  from  being  pore.  The  chemic 
pure  metal  is  expensive.  When  impure  zinc  is  used, 
closed  circuits  are  formed  between  the  particles  of  foi 
matter  and  the  particles  of  zinc.  This  local  action^  wl 
takes  place  even  when  the  circuit  of  the  cell  or  batteijjl 
broken^  rapidly  destroys  the  zinc  plate  and  contrifantei! 
nothing  to  the  general  current.  This  waste,  which  woidiF] 
not  occur  if  pure  zinc  were  used,  is  prevented  by  fr&- 
quently  amalgamating  the  zinc.  This  is  done  by  clean* 
ing  the  plate  in  dilute  acid  and  then  rubbing  it  with 
mercury. 

(a.)  The  method  of  amalgamating  hattery  sdncs  practised  by  the 
author  is  as  follows :  In  a  glass  vessel  placed  in  hot  water,  dissolTO 
15  cu,  cm,  of  mercury  in  a  mixture  of  170  ca.  cm,  of  strong  nitric 
acid  and  625  cu.  cm,  of  hydrochloric  (muriatic)  acid.  When  the 
mercury  is  dissolved,  add  830  cu.  cm.  of  hydrochloric  acid.  When 
the  liquid  has  cooled,  immerse  the  battery  zinc  in  it  for  a  few 
minutes,  remove  and  rinse  thoroughly  with  water.  The  liquid  may 
be  used  over  and  over  until  the  mercury  is  exhausted.  The  quan- 
tity here  mentioned  will  sufSce  for  200  ordinary  sdncs  or  moiQ 
Keep  the  liquid,  when  not  in  use,  in  a  glass-stoppered  bottle. 

389.  Polarization.— It  was  stated  in  §  383  that  the 
accumulation  of  hydrogen  bubbles  at  the  negative  plate 
increases  the  internal  resistance  of  the  cell.  But  the 
hydrogen  affects  the  current  in  another  way.  It  acts  like 
a  positive  plate  (being  almost  as  oxidizable  as  the  zinc) 
and  sets  up  an  opposing  electromotive  force  that  tends 
to  set  a  current  in  the  opposite  direction.  A  cell  or  bat* 
tery  in  this  condition  is  said  to  he  polarized.  Some' 
times,  as  a  result  of  polarization,  the  strength  of  the  cur- 
rent falls  off  very  greatly  within  a  few  minutes  after  clos- 
ing  the  circuit.    (See  §  414,) 
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30O.  Yarlettes  of  Voltaic  Cells.— AU  Toltoia 
MUb  beloQg  to  one  of  two  classes : 

(1.)  Hwse  using  ojiZy  one  liquid. 

(2.)  Those  using  two  liquids. 

All  of  the  earlier  batteries  were  composed  of  one-liquid 
SdlB. 

JTote. — When  dilate  salphuilc  add  fa  inent1on(d  in  conaedJOD  witb 
talk  mod  batteries,  It  ma;  be  tmderatood  that  one  volame  of  acid  to 
Ian  01  twelve  volamea  of  water  is  inesiit. 


391.  Smee'B  Cell.— A  Smeo's  cell 
u  represeDted  by  Fig.  182.  It  consists  of 
a  platinized  silver  plate  placed  between 
two  zinc  plates  bong  in  dilnte  sulphuric 
acid.  The  hydrogen  babbles  accumulate 
It  the  points  of  the  rough  platinum  sur- 
face and  are  more  quickly  carried  np  to 
tlie  surface  of  the  liqaid  and  thus  gotten 
rid  ot  The  cell  has  an  available  electro- 
motiTe  force  of  about  0.47  Tolt. 


393.  FotaBHinm  Dl-ehromate  Cell.— The  po- 
lassinm  di-chromate  cell  has  a  sine  plate  hnng  l>etwcen 
two  carbon  plates.  A  solution  of  potassium  di-chromate 
(bi-ohromate  of  potash)  in  dilute  sulphuric  acid  is  the 
liqnid  need.  The  hydrogen  ia  given  an  opportunity  for 
chemical  nnioD  as  fast  as  it  is  liberated.  The  E.  M.  F.  of 
this  oell  is  great  to  stal-fc  with  {from  1.8  to  2.3  volts),  but 
it  falls  very  quiclsly  when  the  exfemal  resistiince  is  small. 
It  quickly  recovers  and  may  be  used  with  advantage 
irhere  powerful  currents  of  short  duration  are  often 
wanted.  It  is  the  only  single  liquid  cell  that  is  free  from 
polMotntJoa.    Jt  ie  somotimes  called  the  Qrenet  cell 
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Fig.  183. 


(a.)  The  bottlff  fram  of  tliia  oell,  rapieaentod  In  Fig.  188,  li  tta 
most  conTenient  for  the  IkboratoTjor  lectnie  table.  Bf  muuuot  Ikl 
sliding  rod,  the  tiac  plate  may  be  lalsed  ori 
of  the  solution  when  not  in  nse,  Thu  li 
justed,  the  cell  mar  rem^n  for  tiKmtha  «idf 
out  any  action,  if  dedred,  and  be  leM^  at  i 
moment's  notice, 

ip )  One  of  the  beat  propordona  for  the  h)i- 
tion  Ib  ea  follows :  One  gal  Ion  of  watev,  oH 
pound  of  potwwinm  di-chromate  and  ham  ■ 
half  pint  to  a  pint  of  Bnlphnrio  ncdd,  aoeotdiif 
to  tile  energy  of  action  dealred.  A  oimII 
qoaotity  of  nitric  add  sdded  to  the  golnliu 
increases  the  constancy  of  the  batteiy  by  ml- 
didng  the  nascent  hydrogen  and  thiu  Ibrmliig 

(&)  Tlie  following  redpe  is  good ;  Poor  1ST 
eu.  nn.  of  snlphime  acid  Into  BOO  «ii.  ea.  of 
water  and  let  the  mixture  cool.  DIboItb  lU 
g.  of  potaBHlum  dl-chnunate  in  88S  en.  em.  of 

ooiling  water  and  poor,  while  hoc,  into  the  dilate  add.    When  co^ 

*  is  ready  for  use. 

393.  The  Leclanehe  Cell.— This  oeU,  Bbovn  in 
Fig.  184,  contains  a  zinc  plate  or  rod  and  a  porona,  earthen- 
ware cap  containing  the  carbon  plate. 
The  space  between  the  carbon  plate 
and  the  cnp  is  filled  with  fragments 
of  carbon  and  powdered  peroxide  of 
manganese.  This  cup  replaces  the 
second  met^l  plate.  The  liquid  used 
is  a  solution  of  ammonium  chloride 
(sal-ammoniac)  in  water.  This  cell 
is  tolerably  constant  if  it  be  not  used 
to  produce  yery  strong  currents,  but 
its  great  merit  is  that  it  is  very  permanent.  It  will  beef 
in  good  condition  for  months  with  very  little  attention 
ftmushing  a  enirent  for  a  short  time  wheuever  vautol 
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It  im  mnoh  used -for  irorkmg  telephone^  eleotrio  belli 
[Fig.  232)  and  clocks,  railway  eignals,  etc  The  mim* 
fpxtBBB  oxide  prevents  polarization  by  destroying  the 
liydrogeu  biibble&  If  the  cell  be  used  contianonsly  for 
lonifi  time,  its  power  weakens  owing  to  the  accnmnlation 
cC  hydrogen,  bat  it  left  to  itself  it  gradnally  recovers 
M  the  hydrogen  is  oxidized.  Sometimes  the  manga- 
■eae  oxide  is  applied  to  the  face  of  the  carbon  and  the 
ponnu  cnp  dispensed  with.  This  cell  has  an  £.  M.  F.  of 
tbont  1.0  TOlts.    S  xAouU  ia  Ufi  on  open  circuit  lelien  not 


394.  ]>aiilell*s  CelL — ^Thia  cell  consists  of  a  copper 
I    pUte  immersed  in  a  saturated  solntion  of  copper  sulphate 
'  (blao  vitriol)  and  a  lino  plate  immersed  in  dilute  buL 
\    phnrio  acid  or  a  solntion  of  zinc  sulphate  (white  vitriol). 
Thetwoliqnidsareseparated;  Qsnally 
one  liquid  is  contained  in  a  porons 
enp  placed  in  the  other  liqnid.     Cry- 
stals of  copper  sulphate  are  placed  in 
the  solution  of  copper  sulphate  to 
I    keep  the  latter  saturated.     Such  a 
cell  will  furnish   a  nearly  constant 
current,  with  an  E.  M.  F.  of  1.079 
Tolts  and  ke^  in  order  for  a  long 
time.    It  should  h«  lept  on  dosed  cir- 
euit  when  not  in  vge.    The  hydrogen  passes  through  the 
porons  cell  and  acts  upon  the  solution  of  copper  sulphate. 
Copper,  instead  of  hydrogen,  is  deposited  upon  the  copper 
plate.    Polarization  is  thus  avoided.    If  an  inci'UBtation 
Ibrma  near  the  zinc  plate,  remove  some  of  the  aolution  of 
a'aa  mlpbate  and  dilute  what  remains  with  'Wtttax. 


Fig.  185. 


aw 


VWiTAIO  aLKOTMIOITT. 


(o.)  In  Fig.  180,  die  topper  plate  la  repreeentod  as  a  alelt  t^lin 
vithin  Uie  porous  cup,  the  crjeCale  being-  piled  up  arouzid  it.    ] 
oommoii  to  Interchange  the  platt's,  the  eicu  hi'itig  in  diluti 
•eld  within  the  porous  cup,  and  the  copper  plate  in  tlii 
addontHlde  the  porouB  cup.     Bometimee  the  outer  tcbspI  itBeUa 
made  of  copper  instead  of  gUea  and  serfee  as  the  copper  pUteuIn 
ihowD  in  Fig.  18S. 


Fig,  187. 


395  The  Gravity  Cell.— This  is  a  modification 

of  the  Daniell'e  cell,  no  porous  cup  being  used.  The  cop 
per  plate  ia  placed  at  the  bottom  of  the  cell  and  the  zinc 
plat«  near  the  top  Crystals  of  copper  Bulphate  are  piled 
upon  the  copper  plate  and  covered  with  a  saturated  Boln- 
tion  of  copper  sulphate.  Water  or,  preferably,  a  weak 
solution  of  zinc  sulphate  rests  upon  the  blue  solution  be- 
low and  coTcrs  the  ziuc'  plate.  The  two  solationa  are  of 
different  specific  gravities  and  remain  clearly  separated  K 
the  cell  be  kept  on  closed  circuit  when  not  in  use.  (Pig. 
187.)  This  cell  is  very  largely  used  in  working  telegraph 
KneB.    It  is  sometimes  called  the  Oalland  cell. 

396.  Grove's  Cell. — The  out«r  yeesel  of  a  Orove'i 
•>n  nrnitm'mt  dilate  bi'1"^"'^«s  axai.    ta  'iJoAa  la  ^ 
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cylinder  of  rinc     Within  the  sino  cylinder  ia 

I  a  porona  cap  containing  strong  nitric  acid.    The 

ptive  plate  is  a  strip  of  platinnni  placed  in  the  nitrio 

The  hydrogen  passea  throagb  the  porous  cup  and 

Vlcdnces  the  nitrio  acid  to  nitrogen  peroxide,  which  escapei 

IM  browniah-red  flimea     These  nitrogen  fumes  arc  dis- 

I  agreeable  and  injurioiiB;  it  is  well,  therefore,  to  place  the 

[  battery  in  a  rentilating  chamber  or  outeide  the  expenmeut^ 

ing  room.     The  B.  H.  F.  of  the  GroTe  coll,  under  favor- 

■Ue  conditions,  is  nearly  two  volts,  while  its  intern^  re* 

rataoce  is  small,  being  about  one-fifth  that  of  a  Daniell'i 

celL    It  is  mnch  used  for  working  induction  coila  (consult 

the  Index),  for  generating  the  electric  light,  etc.     It  is, 

hoverer,  tronbleeome  to  fit  up  and  should  have  its  liquids 

lenewed  erery  day  that  it  is  used.    Fig.  189  represents  a 

GroTe'B  battery  with  cells  joined  in  series. 

397.  Bun8en*8  Cell.— 

Bnnsen's  cell  (Pig.  188)  dif- 

feit  from  Grove's  in  the  use 

ofcarbon  instead  of  expensive 

platinum    fbr   the   negative 

plate,  thus  reducing  the  cost. 

The  plates  are  made  larger 

than  for  Grove's  battery.     Its 

E.  M.  F.  is  about  the  same  as 

that  of  the  Grove  cell  but  its 

internal  redstance  is  greater.  •'"'■  *^^- 

Fig.  190  represents  a  battery  of  Bunson's  cells  joined  « 

multiple  arc 

UTete.—Tban  ue  fnooree  of  diSbrent  kinds  of  cells  In  the  matkel 
ecaaptning  tor  Uvor.     Tb(me  liere  deecribod  are  among  the  onea 
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398.  A  Voltaic  Battery. — A  number  of  similar 
voltaic  dements  connected  in  such  a,  manner  thai' 
the  current  has  the  same  direction  in  aU,  consbitida^ 
a  voltaic  battery.  The  usual  method  is  to  connect  tin 
positive  plate  of  one  element  with  the  negative  plate  rf 
the  next,  as  shown  in  Fig.  189.  When  thns  connected 
they  are  said  to  be  coupled  "tandem"  or  "in  serieg.' 
Sometimes  all  of  the  positive  pIat«B  are  connected  bjt 
wire  and  all  of  the  negative  plates  by  another  wire.  Tbs 
cells  are  then  said  to  be  joined  "  parallel,"  "  abreast "  oi 
"in  multiple  arc."    (See  Fig.  190.) 

(a.)  When  two  or  mora  cells  are  joined  together,  the  pcdnta  V 
contact  should  he  as  large  aa  is  convenient  and  kept  perfectlj  dean 
The  connecting  wire  should  be  of  )food  eixe  and,  for  the  nOie  of 
pliability,  a  part  of  it  may  well  be  given  a  spim]  form  I^  winding  it 
upon  a  pencil  or  other  Boiall  tod. 

399.  Batteries  of  Higli  Internal  Resist* 
anee. — Fach  kind  of  galvanic  cell  lias  an  internal  resist 


Fig.  189, 
■nee,  ae  explained  in  §  383.    A  battery  of  cella  joined  hi 
series  is  called  a  "battery  of  high   internal  resiatsnce." 
(Fig.  189).     This  method  of  joining  the  cellf  1 
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)  length  of  the  liqnid  coodnotor  through  which  the 
mtpaesee. 

j  In  &  iMttei;  oT  cella  Joined  in  eeiiee,  ths  £.  M.  F.  and  the 
rtanoe  are  tluMe  of  a  Bingle  cell  multiplied  bj  the  num- 
^  of  cells.  For  b  cireoit  of  great  eztenkal  leeistance,  a  liatteiy  of 
%  InteTQBl  le^Btanoe  ia  needed. 


400.  Batteries  of  Low  Internal   Reslst- 

-A  battery  of  cells  joioed  parallel  is  called  a 

lattery  of  low  internal  ledatance.*'    (Fig.  190.)    This 

neihod  of  joiiiiDg  the  cells  does  not  increase  the  length 

of  Uie  liqnid  oondactor  traTersed  by  the  current  but  is 

eqiuTalent  to  inoreBring  its  diameter  or  sectional  area. 

(a.)  In  a  batteif  c€  eeUa  Joined  parallel,  the  E.  M.  F.  )b  that  of  a 
Ai^e  cdl,  bat  the  tntenud  refliBtance  is  that  of  a  stn^Xe  cell  dirided 
kftheDiuutier  of  cells.  For  a  ciTcait  of  small  exlernsl  resistance 
lugB  oell^  or  sereral  cells  joined  parallel,  are  prnferable. 


'  FlO.  19a 

^.)  A  battaiy  of  Ugh  internal  resistaoce  was  formerly  called  an 
mtmtitii  battery,  while  a  battery  of  Ion  internal  resistance  was 
called  a  guantUg  battery, 

401.    RequlBiten    of  a  Good    Battery.— The 

following  conditaona  should  be  met  by  a  battery: 
(1.)  lie  eleotrotaotive  force  should  be  high  and  constant, 
(AJ  Itt  iaternal  nesiatanoe  should  be  smaSL 
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(8.)  It  should  giye  a  constaat  current  and,  tbeni^E'^ 
must  be  free  from  polarization ;  it  should  nc^^*^ 
liable  to  rapid  exhaustion^  requiring  frequf 
newal  of  the  acid. 

(4.)  It  should  be  perfectly  quiescent  when  the 
is  open, 

( t5.)  It  should  be  cheap  and  of  durable  materials. 

(6.)  It  should  be  easily  manageable  and,  if  possil 
should  not  emit  corrosiye  fumes. 

As  no  single  battery  fulfills  all  these  conditions, 
batteries  are  better  for  one  purpose  and  some  for  anothecj 
Thus,  for  telegraphing  through  a  long  line  of  wire  a  con*] 
siderable  internal  resistance  in  the  battery  is  no  greit 
disadyantage ;  while,  for  producing  an  electric  light,  mndi 
internal  resistance  is  absolutely  fatal. 

402.  The  Best  Arrangement  of  Cells.— The 
best  method  of  coupling  cells  in  any  giyen  case  depends 
on  the  work  to  be  done  by  the  battery.  The  maximum 
effect  is  attained  when  the  resistance  of  the  ex* 
ternal  circuit  is  made  equal  to  the  internal  resist- 
ance  of  the  battery. 

(a.)  For  example,  suppose  that  in  a  giyen  battery  of  eight  obIIb: 

(1.)  Each  cell  has  an  E.  M.  R  of  two  volts. 

(2.)  Each  cell  has  the  very  high  internal  resistance  of  eig^ht  ohms. 
3.)  The  battery  is  to  work  through  a  wire  that  has  a  resistance 
of  sixteen  ohms. 

6.)  First,  couple  the  cells  parallel.  The  B.  M.  F.  of  the  batteiy 
is  that  of  a  sin^^le  cell,  2  volts.  The  internal  resistance  Is  8  ohm9 
-s-  8=  1  ohm.  Adding  the  external  resistance,  we  have  a  total 
-esistance  of  17  ohms.    (See  §  386.) 

E  2 
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UKext,  eonple  Ibe  oelb  in  series.    The  E.  M.  F.  of  the  battery 
rttmeBd  volts,  or  1<{  volts.    The  intemal  resistance  is  8  times  8 
tor  64  ohms.    Adding  the  external  resistance,  we  have  a  tota] 
of  80  ohms. 

arrangement  gives  a  cnnent  of  0.2  amperea 

(d)  Finally,  join  the  cells  in  two  rows  (each  row  bc'mg  a  series 
nl  four  cells)  and  join  the  rows  parallel.  The  E.  M.  F.  of  the  battery 
fcill  be  4  times  2  volts  or  8  volts.  The  internal  resistance  will  bo 
4  times  8  ohms  or  82  obms  for  each  row,  but  only  half  that,  or  16 
g^ffls,  for  the  whole  battery.  Adding  the  -external  resistance,  we 
iMve  a  total  resistance  of  82  ohms. 

Ais  anangement,  in  which  the  internal  and  the  external  resistances 
lie  equal,  gives  a  current  of  0.25  amperes,  the  greatest  possible 
tnder  the  given  conditions. 

(e.)  A  similar  application  of  Ohm's  law  shows  that  when  the 
atmuU  resistance  is  large,  there  is  little  gain  from  joining  eeUs 
fonOd,  and  that  tohen  the  external  resistance  is  very  smaU,  there  ii 
Me  gain  in  joining  edit  in  series. 

EXBBCIBES. 

t  GHven  ten  cells,  each  with  an  electromotive  force  of  1  volt  and 
ID  intemal  resistance  of  5  ohms.  What  is  the  current  (in  amperes) 
of  a  single  cell,  the  external  resistance  being  0.001  ohm  ? 

Ans.  0.19996+  amperes. 
2.  The  ten  cells  above  mentioned  are  joined  abreast.    The  ester 
nil  resistance  Is  0.001  ohm.    What  is  the  current  of  the  battery  ? 

Ans.  1.996+  amperes. 
8.  The  ten  cells  above  mentioned  are  joined  tandem,  the  external 
resistance  remaining  the  same.    What  is  the  current  of  the  battery  T 

Ans.  0.19999+  amperes. 
4.  What  is  the  current  given  by  one  of  the  above  mentioned  cells 
when  the  external  circuit  has  a  resistance  of  1000  ohms  ? 

Ans.  0.00099502  amperes. 
5   When  the  ten  cells  are  joined  abreast  with  an  external  resist 
taae  of  1000  obiDB,  what  ia  the  current  of  the  battery  ? 
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<{.  When  the  ten  cells  are  joined  in  Beries  with  an  eKtemal  resifld 
ance  of  1000  ohms,  what  is  the  conent  of  the  battery  ? 

An^  0.00952  amperes. 

Nate. — Compare  the  results  in  Exercises  1,  2  and  8,  where  in 
have  a  small  external  resistance.  Then  compare  the  reeolts  in  Ex- 
ercises 4,  5  and  6,  where  we  have  a  high  external  resistance. 

7.  Why  are  cells  arranged  tandem  for  nse  on  a  long  telegiaplue 
one? 

8.  What  is  the  resistance  of  2  miles  of  No.  6  electric  light  wiie 
(copper  of  ordinary  commercial  quality)  ?    (See  Appendix  L) 

Ani.  4.56  ohms. 

9.  A  Brush  dynamo,  No.  8,  will  operate  65  arc  lamps  on  a  short 
circuit.  Each  lamp  has  a  resistance  of  about  4.52  ohm&  If  the 
lamps  be  put  on  a  10  mile  circuit  of  No.  6  copper  wire,  how  many 
lamps  should  be  '*  cut  out "  of  the  drcuit,  the  dynamo  running  at 
the  same  speed  and  the  current  strength  remaining  the  same? 

Ans,  5  lamps. 

10.  Show,  by  a  diagram,  how  a  battery  of  three  cells  should  le 
arranged  when  the  internal  resistance  is  the  principal  one  to  be 
overcome. 

11.  What  is  the  reslistance  of  a  mile  of  ordinary  No.  6  Inm  tele 
graph  wire?    (See  Appendix  E,  [2].)  A'M,  13.3  ohms. 

12.  Show  that  the  conductivity  of  water  is  increased  more  than  56 
times  by  adding  half  its  volume  of  sulphuric  add.    (See  Appendix 

K.  [3].) 

13.  How  much  is  the  conductivity  of  water  increased  by  adding 
^  it»  volume  of  sulphuric  add?  Am,  About  22  times. 
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403.  Long:  and  Short  Coil  Instruments.^ 

.''long  coiP'  galTanometer,  or  a  "long  coil"  electro- 

lagnety  or  an  instrameat  of  any  kind  in  which  the  con- 

inctor  is  a  long,  thin  wire  of  high  resistance,  should  not 

je  employed  on  circuits  the  other  resistances  of  which  are 

jmall.    Conversely,  on  circuits  of  great  length,  or  where 

there  is  a  high  resistance,  ^' short  coiP'  instruments  are  of 

little  service  for,  though  they  add  little  to  the  resistances, 

fheir  few  turns  of  wire  are  not  enough  with  the  small 

oarrents  that  circulate  in  high-resistance  circuits;  "long 

ooil"  instruments  are  here  appropriate,  as  they  multiply 

the  effects  of  the  currents  by  their  many  turns.    Their 

resistance,  though  perhaps  large,  is  not  a  serious  addition 

to  the  existing  resistances  of  the  circuit 

404.  Divided  Circuits  and  Shunts.— The  case 
of  several  wires  forming  a  multiple  arc  often  occurs  in 
practice.  In  such  cases,  the  current  flowing  in  each 
branch  is  inversely  proportional  to  tJve  resistance 
of  that  branch.  Either  of  two  such  branches  is  called 
a  ehunt.  Evidently,  the  joint  resistance  of  all  the  branches 
is  less  than  the  resistance  of  any  one  of  them. 


Fig.  191. 

(a.)  A  oaireni  flowing  along  a  conauctor  divides  at  A,  part  goinf? 
through  a  galTanometer  or  electro -mairnot  at  G  and  the  rest  going 
ihwagh  ihe  bnach,  B,    The  currents  unite  at  G.    If  the  conductor, 
A6fO,  ham  m  lealtftaBce  of  99  ohms  and  the  conducAOT,  ABC,\ubA  ^ 
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lesistaiioe  of  1  obm,  1  per  cent  of  the  total  coirent  will  go  tliioi|^ 
G  and  99  per  cent,  will  go  by  way  of  B. 

(ft.)  If  we  liave  two  wires,  the  separate  resistances  of  which  an 
respectively  28  ohms  and  24  ohms,  placed  abreast  In  a  drcoit,  M 
their  joint  resistance.  The  joint  conductivity  will  be  the  sum  of  tin 
separate  conductivities  and  conductivity  is  the  reciprocal  of  leoit* 
ance.    Call  the  joint  resistance  B, 

iJ  "  28  ^  24  "■  672  ^  672  ■"  672"    '  62  ~ 

The  joint  resistance  will  be  12.92  ohms. 

{c,)  The  joint  resistance  of  the  two  branches  of  a  divided  oondnctor 
is  equal  to  the  product  of  the  separate  resistances  divided  by  tb^ 
sum.  If  there  are  more  than  two  branches,  the  method  employed 
above  may  be  used. 

{d.)  It  is  often  necessary  to  use  a  sensitive  galvanometer  or  other 
instrument  with  a  current  so  strong  that  the  current  would  give  in- 
dications too  large  for  accurate  measurement  or  even  ruin  the  instra.- 
ment.  Under  such  circumstances,  the  greater  part  of  the  current 
may  be  shunted  around  the  galvanometer.  The  resistance  of  the 
shunt  having  a  known  ratio  to  that  of  the  galvanometer  and  its 
branch,  the  total  current  strength  may  be  computed  from  the  strength 
of  the  current  flowing  through  the  instrument.  Shunt  circuits  may 
be  found  in  almost  all  arc  lamps. 

405.  Mechanical  Effects  of  the  Electric 
Current. — ^The  piercing  of  the  glass  walls  of  an  over- 
charged  Leyden  jar  affords  a  good,  though  expensive, 
illustration  of  the  mechanical  effects  of  electricity.  Trees 
and  telegraph  poles  shattered  by  lightning  are  not  un- 
familiar. But,  by  far,  more  important  for  our  considera- 
tion are  the  mechanical  effects  produced  by  voltaic  or 
dynamic  electricity  and,  especially,  the  numerical  rela- 
tion between  the  electricity  used  and  the  work  done. 
This  subject  will  be  considered  in  Section  VI.  of  this 
chapter. 

Ex^ariment  73. — Through  a  long,  thm  ^\«.\.\tvnLTxi  ^wvc^,  ^»^^  m 
^  that  will  heat  it  to  dull  redneaa,    kp^Vy  «.^\««»^1S«»N»^ 
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woe  and  notice  tihat  the  rest  of  the  wire  glows  more  brightly  than  it 
did  before.  Then  heat  a  part  of  the  wire  with  the  flame  of  a  spirit 
lamp  and  notice  that  the  rest  of  the  wire  glows  less  brightly  than 
before.  In  the  first  case,  the  carrent  is  strengthened  by  the  in- 
creased conductivity  of  the  cooled  part ;  id  the  second  case,  the  cur- 
rent is  decreased  by  the  increased  resistance  of  the  part  heated  by 
the  lamp. 

Experiment  74. — When  two  carved  metal  surfaces  rest  upon  each 
other,  a  carrent  passing  from  one  to  the  other  encoanters  considera- 
ble resistance  at  the  small  area  of  contact.  The  heat  consequently 
developed  causes  the  parts  in  the  neighborhood  to  expand  very 
quickly  when  the  contact  is  made.  This  often  gives  rise  to  rapid 
vibratory  movements  in  the  conductors.  Gore^s  railway  consists  of 
two  concentric  copper  hoops,  whose  edges  are  worked  very  truly 
into  a  horizontal  plane.  A  light  copper  ball  is  placed  on  the  rails 
thus  formed.  One  rail  is  connected  with  the  +  pole  of  a  battery 
of  two  or  three  Grove  cells  and  the  other  rail  with  the  —  pole.  The 
ball  is  then  set  rolling  around  the  track.  If  the  ball  be  true  and  the 
track  well  leveled,  the  energy  supplied  by  the  swelling  (expansion) 
at  the  continually  changing  point  of  contact  is  sufficient  to  keep  up 
the  motion.  The  ball  willroU  round  and  round,  giving  a  crackling 
sound  as  it  goes. 

Experiment  75. — From  the  poles  of  a  potassiam  di-chromate  bat- 
tery, lead  two  stout  copper  wires  and  connect  their  free  ends  by  two 
or  three  inches  of  very  fine  iron  or  platinum  wire.  Coil  tlie  iron  wire 
around  a  lead  pencil  and  thrust  a  small  quantity  of  gun-cotton  into 
the  loop  thus  formed.  Plunge  the  zinc  plate  of  the  battery  into  the 
liquid  and  the  iron  wire  will  be  heated  enough  to  explode  the  gun- 
cotton  ;  it  may  be  heated  to  redness  or  even  to  fusion. 

406.  Thermal  Effects  of  the  Electric  Cur- 
rent.— ^Whenever  an  electric  current  flows  through  a 
conductor^  part  of  the  electric  energy  is  changed 
into  heat  energy.  The  amount  of  electricity  thus 
changed  into  heat  will  depend  upon  the  amount 
of  resistance  offered  by  the  conductor.  In  the  last 
experiment,  the  stout  copper  wires  were  good  conductors, 
offered  but  little  resistance  and  converted  but  little  of  the 
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electrical  energy  inix)  heat  energy.  The  change  of  ma- 
terial from  copper  to  iron  increased  that  resistance.  This 
increased  resistance  was  again  increased  by  reducing  the 
size  of  the  conductor.  For  this  double  reason,  the  fim 
wire  offered  so  much  resistance  that  a  considerable  of  the 
current  energy  was  transformed  into  heat.  Resistance 
in  an  electric  circuit  always  produces  heat  at  the 
expense  of  the  electric  current.  Thus,  electricity  is 
often  used  in  firing  mines  in  military  operations  and  in 
blasting.  All  known  metals  have  been  melted  in  this  way, 
while  carbon  rods  have  been  heated  by  a  battery  of  600 
Bunsen's  elements  until  they  softened  enough  for  welding. 
By  means  of  a  Leyden  jar  battery  and  a  universal  dis- 
charger, remarkable  thermal  effects  may  be  obtained. 
Houses  are  sometimes  set  on  fire  by  lightning.  The  nu- 
merical relations  between  electricity  and  heat  are  con? 
sidered  in  {Section  VI.  of  this  chapter. 


407.  Luminous  Effects  of  the  Electric 
Current. — The  electric  spark,  the  glow  seen  when  elec- 
tricity escapes  from  a  pointed  conductor  in  the  dark  and 
the  various  forms  of  lightning  are  some  of  the  now 
familiar  luminous  effects  of  electricity.  Whenever  an 
electric  circuit  is  closed  or  broken,  there  is  a  spark  at  the 
point  of  contact,  due  to  the  heating  of  a  part  of  the  con- 
ductor to  incandescence.  We  have  seen  luminous  effects 
produced  by  winding  the  wire  from  one  plate  of  a  voltaic 
cell  round  one  end  of  a  file  and  drawing  the  other  electrode 
along  the  side  of  the  file,  thus  rapidly  closing  and  break- 
ing  the  circuit.  If  the  iron  wire  used  in  the  last  experi- 
f.     ment  was  heated  suflBciently,  it  a\so  ga^e  a\\xTCL\\iwxs^^^<^^\ 
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and  illufitrated.  the  fandamental  principle  of  the  iacande^- 
cence  electrio  lamp  (§  466). 

(a.)  The  most  important  lamtnous  effects  of  electricity  will  be 
OQDfddered  in  oonnection  with  dynamo-electric  machines  (§  466).  It 
will  be  noticed  that  a]l  of  these  are  secondary  thermal  effects. 

408.  Galvani's  Experiment.— In  1786,  Galyani, 
a  physician  of  Bologna,  noticed  conyulsive  kicks  in  a 


Fig.  192. 

frog's  legs  when  acted  upon  by  an  electric  current.  A  frog 
was  killed  and  the  hind  limbs  cut  away  and  skinned,  the 
crural  nerves  and  their  attachments  to  the  lumbar  yertebrae 
remaining.  Two  dissimilar  metals  were  held  in  contact  and 
their  free  ends  brought  into  contact  with  nerye  and  muscle 
respectiyely,  as  shown  in  Fig.  192.  Convulsive  muscular 
contractions  brought  the  legs  into  a  position  similar  to 
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that  represented  by  the  dotted  lines  in  the  figare.  A  firog^ 
legs  thus  prepared  make  a  yery  sensitiye  gatYanosoc^ 
It  is  said  that  they  show  even  the  yery  feeble  induoticm 
currents  of  the  telephone,  though  the  best  galyanometen 
barely  detect  them. 

409.  Physiological  Effects  of  the  Electric 
Current. — An  electric  current  may  produce  muscular 
conyulsions  in  a  recently  killed  animal.  Experiments 
with  the  Leyden  jar  and  the  induction  coil  show  that 
similar  effects  may  be  produced  upon  the  Hying  aniraaL 
The  "electric  shock/'  which  is  physiological  in  its  nature, 
is  familiar  to  most  persons.  The  sensation  thus  produced 
cannot  be  described,  forgotten  or  produced  by  any  other 
agency. 

Electricity  is  largely  used  as  an  agent  for  the  care  of 
disease;  experiments  of  this  kind  may  do  injury  and 
would  better  be  left  to  the  educated  physician.  The  dis- 
charge of  a  large  battery  may  be  fatal  and  a  number  of 
persons  have  lost  their  lives  within  the  last  few  years  by 
coming,  accidentally  or  otherwise,  into  the  circuit  of  a 
dynamo-electric  machine.  Interrupted  and  alternating  cur- 
rents are  more  serious  in  their  physiological  effects  than 
continuous  currents. 

{a.)  If  the  members  of  a  class  form  a  chain  by  joining  hands,  the 
first  member  holding  a  feebly-charged  Leyden  jar  by  its  outer  ooat 
and  the  last  member  touching  the  knob,  a  simultaneous  shock  will 
be  felt  by  each  person  in  the  chain.  A  similar  experiment  may  be 
made  with  a  Ruhmkorff  coil.  A  single  Leyden  jar  has  been  dis- 
4;harged  through  a  regiment  of  1500  men,  each  soldier  receiyfng  a 
shock.  Dr.  Priestley  killed  a  rat  with  a  battery  of  seven  feet  of 
coated  surface,  and  a  cat  with  a  battery  of  forty  feet  of  coated 
ffurfaoe. 
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Experiment  76. — Into  a  bent  tube  (known  to  dealers  in  chemical 
l^assware  as  a  U  tabe),  put  a  solution  of  any 
neutral  salt,  e.  g,,  sodium  sulphate.  Color  the 
wntents  of  the  tube  with  the  solution  from 
purple  cabba^ife.  In  the  arms  of  the  tube,  place 
the  platinum  electrodes  of  a  batterj,  as  shown  in 
V\g.  193.  Close  the  circuit  and  presently  the 
liqaid  at  the  +  electrode  will  be  colored  red  and 
that  at  the  —  electrode,  green.  If,  instead  of 
coloring  tha  solution,  a  strip  of  blue  litmus  paper 
be  bung  near  the  +  electrode  it  will  be  reddened, 
while  a  strip  of  reddened  litmus  paper  hung  near  Fig.  193. 

the  —  electrode  will  be  colored   blue.      These 
thaTiges  of  color  a/re  chemical  tests;  the  appearance  of  the  green  or 
bine  denotes  the  presence  of  an  alkali  (caustic  soda  in  this  case), 
while  the  appearance  of  the  red  denotes  the  presence  of  an  acid. 

Experiment  77. — ^Melt  some  tin  and  pour  the  melted  metal  slowly 
into  water.  DissolTO  some  of  this  granulated  tin  in  hot  hydrochloric 
add  and  add  a  little  water.  Into  this  bath  of  a  dilute  solution  of 
tin  chloride,  introduce  two  platinum  electrodes  from  a  battery  of  a 
few  cells.  A  remarkable  growth  of  tin  crystals  will  shoot  out  from 
the  —electrode  and  spread  towards  the  +,  bearing  a  strong  resem- 
blance to  vegetable  growth.  Hence,  it  is  called  the  "tin  tree." 
Hepeat  the  experiment  with  solutions  of  lead  acetate  ("sugar  of 
")  and  of  silver  nitrate. 


410.  Chemical  Effects  of  the  Electric  Cur- 
rent.— The  electric  spark  may  be  made  to  produce  chem- 
ical combination  or  chemical  decomposition.     Ammonia 
(NH3),  or  carbon-dioxide  (CO^),  may  be  decomposed  by 
passing  a  series  of  sparks  through  it.     A  mixture  of  oxygen 
and  hydrogen  may  be  caused  to  enter  into  chemical  union 
by  the  electric  spark,  the  product  of  tlie  union  being  water. 
(See  Chemistryy  Exp.  53.)      Many  chemical  compounds 
may  be  decomposed  by  passing  the  current  through  them^ 
The  compound  must  be  in  the  liquid  condition,  either  by 
solution  or  by  fusion.       Bodies  that  are  thus  decern- 
posed  are  called  electrolytes;  the  process  is  called  elec- 
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trolysis;  the  compound  is  Baid  to  be  electrolyzed.  Tbi 
electrolysis  of  acidulated  water  is  easily  accomplished  wid 
a  curreiit  from  three  or  four  Grove's  or  Bunaen's  celli. 
The  water  is  decomposed  into  oxygen  and  hydrogen.  Tin 
apparatus,  shown  in  Fig.  194,  may  be  called  a  wai&- 


(a.)  The  apparatus  COD  dats  of  a  vessel  contaiuin^  water  (to  whlcb 
a  little  add  has  been  added  to  increase  its  condactivitj)  in  wliich 
ue  Immersed  two  platinum  stripa  that  constitute  the  two  elec- 
trodes of  a  batterj.  Wlien  the  circuit  is  closed,  bnbtileB  of  oxjgen 
escape  from  tlie  positive  electrode  and  bubbles  of  IijdTOgen  from 
the  negative.  The  gases  may  be  collected  separately  by  inverting, 
over  the  electrodes,  tubes  filled  witli  water,  as  shown  In  the  figure. 
The  volume  of  liydrogeo  thus  collected  will  be  about  twice  aa  gietX 
as  that  of  the  oxygen. 

(b.)  A  water- voltameter  mar  be  made  by  cutting  oCT  the  bottom  of 
a  wide-mouthed  glass  bottle  (Ohemistry,  App.  4,  h.)  and  puring  two 
insulated  wires,  varnished  and  termioatiug  in  plaUnam  Ettripa, 
through  a  cork  that  closes  the  mouth  of  the  inverted  bottle.  Two 
teet  tnbea  will  complete  the  inBtrament,  When  a  snffldent  quantity 
of  the  gasee  has  been  collected,  they  may  be  tested ;  the  hydrogen, 
by  bringing  a  lighted  match  to  the  month  of  the  test  tahe,  where- 
apoa  tbe  bjdrogeo  will  bum ;  &e  oi.jgBa,\>'3  'Am:[M.tti «.  v^^ofun. 
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«U)h  a  glowing  spark  into  the  teat  tnbe,  whereupon  the  splinter  wis 

Undle  into  &  flama 

(e.)  £:Bchcoa]oii]bofeIectridt]'liber»teB0.11TS«u.«m.of  bjnlrogeD 
«&d  0.0B88  eu.  om.  of  oxfgeo,  or  a  total  of  0.1764  eu.  an.  at  iha 
Idled  gases.  The  electrolfsiB  of  9  g.  of  water  Teqnitee  99,000 
MMbmbo. 

411.  Ions. — ^The  products  of  electrolysis,  like  the  oxy- 
gen and  hydrogen,  are  called  VonSj  the  one  that  goes  to 
the  -|-  electrode  (or  anode)  is  called  the  anion;  the  one 
that  goes'to  the  —  electrode  (kathode  or  cathode)  is  called 
Ibe  Icathion  or  cathion. 

(u.)  The  amonnt  of  chemical  action  jn  a  ««U  is  proportional  to  tha 
Hreogth  of  CQirent  while  it  pasaes.  One  coulomb  of  electiidt]',  in 
(■mug  thiODgh  a  cell,  liberateii  0.0000105  gram  of  hydrogen  and 
daolne  0.O0O84120  gram  of  ainc 

[h)  One  conlomb  will  canae  the  depOBltion  of  0.000830T  gram  of 
tunnr.  To  depoidt  1  gram  of  copper  requiree  8024  coalombs.  This 
principle  has  been  used  in  the  Edison  meter  for  electric  lighting 
parpceea,  a  oertaJD  proportion  of  the  current  being  shunted  through 
1  "copper  Tolluueter  "  or  bath  of  copper  sniphate  solation,  as  d»- 
Kiibed  In  the  next  experiment. 

Experiment  78.— Prom  the  +  polo  of  a  Toltalo  battery  or  dy- 
■MDMJectrio  machine,  suspend  a  plalo  of  copper ;  from  the  —  pole^ 


rilver  «rfn.     Place  the  copper  and  silver  electrodea  in  a 
-"  -n  o/  copper  sulphate  (bine  Tltriol).    When  the  drcolt 
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to  dosed,  the  salt  of  copper  is  electrolyzed,  the  copper  from  the  aih 
being  deposited  upon  the  silver  coin  and  the  sulphuric  add  going  te 
the  copper  or  +  electrode.  The  silver  is  thus  electro-plated  with 
copper.    (Fig.  195.)  I' 


413.  Electro-Metallurgy.  —  The  many  appKct- 
tioDs  of  this  process  of  deposidng  a  metallic  coat  on  a 
body  prepared  for  its  reception,  constitute  the  important 
art  of  electro-metallurgy.     If,  with  the  apparatus  used  in 
the  last  experiment,  a  solution  of  some  silver  salt  be  used 
instead  of  the  copper  sulphate  solution  and  the  direction 
of  the  current  be  reversed,  silver  will  be  deposited  upon 
the  copper  plate,  which  will  thus  be  silver-plated.    If  the 
positive  electrode  be  a  plate  of  gold  and  the  bath  a  BolU' 
tion  of  some  salt  of  gold  (cyanide  of  gold  dissolved  in  a 
solution  of  cyanide  of  potassium),  gold  will  be  deposited 
upon  the  copper  of  the  negative  electrode,  which  will  be 
thus  electro-gilded.    In  electrotyping,  impressions  of  type 
or  engravings  are  taken  in  wax,  or  any  other  plastic  ma- 
terial that   is  impervious  to  water.     A  conducting  surface 
is  given   to   such  a  mould   by  brushing  finely  powdered 
graphite  over  it ;  it  is  then  placed  in  a  solution  of  sulphate 
of  copper  facing  a  copper  plate.     The  mould  is  then  con- 
nected with  the  —  pole  of  a  dynamo  or  a  voltaic  battery  and 
the  copper,   with   the  +  pole ;   when    the  current  passes 
through  the  bath,  copper  will  be  deposited  upon  the  mould. 
When  the  copper  film  is  thick  enough  (say  as  thick  as  an 
ordinary  visiting  card),  it  is  removed  from  the  mould  and 
strengthened    by  filling   up   its  back   with    melted   type- 
metal.    The  copper  film  and  the  type-metal  are  made  to 
adhere  by  means  of  an  alloy  of  equal  parts  of  tin   and 
lead.    The  copper-faced  plate  thus  produced  is  an  exact 
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leproductioii  of  the  type  and  engrayings  from  which  the 
mould  was  made. 

(a.)  In  an  theBe  gmob,  the  metal  Is  carried  in  the  direction  oi  the 
conent  and  depoaited  upoo  the  negative  electrode.  In  electro- 
plating and  gilding,  the  technicalities  of  the  art  refer  chiefly  to  the 
means  of  mating  the  deposit  firmly  adherent.  In  electrotyping, 
they  refiar  diiefly  to  the  preparation  of  the  mould  or  matrix. 

413.  Electro-Chemical  Series. — The  facts  just 
considered  suggest  a  division  of  substances  into  two 
classesy  electro-positiTe  and  electro-n^ative.  The  ion 
that  goes  to  the  negative  electrode  is  called  electro- 
positive;  that  which  goes  to  the  positive  electrode 
is  caUed  electro-negaMve. 

(a.)  E^athions  are  called  electro^pontuM  because  they  seem  to  be 
attracted  to  the  nsgatiu  pole  of  the  battery  (kathode),  the  idea  be* 
in^  that  of  attraction  between  opposite  electricities.  Hydrogen  and 
the  metals  are  kathions  or  electro-positiye.  They  seem  to  move  with 
the  current,  gdng  as  far  as  possible  and  being  deposited  where  the 
current  leaves  the  "bath"  or  electrolytic  cell.  Similarly,  anions 
are  said  to  be  electro-negative. 

414.  TheE.  M.  F.  of  Polarization.— The  prod- 
ucts of  electrolysis  have  a  tendency  to  reunite  by  virtue 
of  their  chemical  affinity.  {Ohemistryy  §  8.)  For  exam- 
ple^ the  electrolysis  of  zinc  sulphate  gives  zinc  and  sul- 
phuric acid.  But  we  now  well  know  that  the  chemical 
action  of  these  two  substances  has  an  electro-motive  force 
of  its  own.  This  E.  M.  F.  of  the  ions  acts  in  opposition 
to  that  of  the  electrolyzing  current.  In  some  cases^  it 
rises  higher  than  the  E.  M.  F.  of  the  original  current  and 
reverses  the  direction  of  the  current.  The  oxygen  and 
hydrogen,  yielded  by  the  electrolysis  of  water,  tend  to  re- 
unite and  set  up  an  opposing  E.  M.  F.  of  about  1.45  volts. 
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Thus  we  see  that  it  requires  a  battery  or  cell  with  an  Bi] 
M.  F.  of  more  than  1,45  volts  to  decompose  water. 
electrO'Trvotive  force  of  the  ions  is  called  the  E,  MJ 
F.  of  Polarization,  It  may  be  observed  by  putting  i 
galvanometer  in  the  place  of  the  battery  of  the  wate^l 
voltameter  (Fig.  194).  The  polarization  in  a  voltaic  cefli 
acts  in  the  same  way. 

(a.)  There  is  no  opposing  E.  M.  F.  of  polarization  when  the  kathion 
and  the  anode  are  of  the  same  metal.  For  example,  the  feeblest 
current  will  deposit  copper  from  a  solution  of  copper  sulphate,  uHim 
the  anode  is  a  copper  pkUe, 

Experiment  79. — Suspend  two  strips  of  bright  sheet  Jead  fiadng 
each  other  in  dilute  sulphuric  acid.  Pass  a  current  through  these 
plates  by  connecting  them  with  a  battery  of  4  or  5  cells  in  Beries.  a 
dark  peroxide  of  lead  will  form  on  one  of  the  bright  plates.  Then 
remove  the  battery  and,  in  its  place,  put  a  short  coil  galvanometer  or 
electro-magnet.  It  will  be  found  that  the  lead-plate  cell  is  sapply- 
ing  a  current,  the  direction  of  which  is  the  reverse  of  the  diMgisg 
battery  previously  used. 

415.  Secondary  Batteries. — When  a  yoltameter 
>r  an  electro-plating  bath  is  supplying  a  current  of  elec- 
kicity,  as  mentioned  in  the  last  paragraph^  it  constitiites 
A  secondary  battery.  As  the  ions  do  not  reunite  when  the 
circuit  is  open,  the  energy  of  the  decomposing  current 
may  be  stoied  up  as  energy  of  chemical  affinity.  JVhen 
n  curreTit  is  again  wanted,  the  circuit  may  be 
closed  and  the  energy  of  chemical  afp^nity  at  once 
appears  as  energy  of  electric  current.  Secondary 
batteries  are,  consequently,  often  caUed  storage 
batteries, 

(a,)  The  Faure  battery  consists  of  two  plates  of  sheet  lead  coated 
jfMi  red  lead  (lead  sesqui^oxide,  Pb^04.V     Thoae  plates  «ie  aepi^ 
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nted  by  a  layer  of  paper  or  dotb,  rolled  op  Id  a  lno«c  euil  like  a  mH 
ot  carpet  and  immersed  In  dUnte  Bulplinilc  add. 

(b.)  When  a  current  from  a  dynamoclectric  tnachiae  ur  a  Toltato 
kattery  U  sent  throngjt  each  a  «el1,  chemical  action  1b  prodaced. 
Oiygea  acts  on  the  coating  of  the  anodu  plahi  and  convcrtB  It  into  a 
Uglier  oxide  of  lead  (the  peroxide,  PbO,).  Hjdro^n  acta  upon 
the  coating  of  the  kathode  plate  and  rednise  it  to  metallic  lead  In  a 
■pong7  condition.  When  tfaeae  changee  have  gone  as  tar  as  powi- 
He,  the  battery  la  said  to  be  ''charged."  The  charged  platerfwill 
nmain  in  this  condition  for  days  iftheeireuit  beUftoptn. 

(c)  By  closing  the  circuit,  the  plates  will,  at  any  time,  furnish  a 
aneut  until  they  are  changed  to  their  original  chemical  condition. 
Ai  the  lead  platM  and  the  add  are  not  rapidly  destroyed,  the  batteiy 
Day  be  oha^^ed  and  discharged  many  times. 


Fig.  ig6. 


(d.)  Many  serious  defects  in  the  Fanre  battery  have  been  obviated 
m  the  Brash  battery  (Fig.  196),  Theee  batteries  are  composed  of  a 
□amber  of  celle  containing  cast  lend  plalcs  of  a  pnculiar  construction, 
electnxihemically  prepared  and  iinnicrscd  in  diluto  sulphuric  acid. 
Tlieae  cells  may  Im'  connpctrd  lofjirtlicr,  tjindnn  cir  iilirwiHt,  so  as  to 
produce  any  dosired  rtfliilt.  A  largi'  niiinluT  iif  thcsie  liattttricB  may 
be  placed  in  one  circuit  ami  cliargi'il  by  tbii  current  "feme  dynamo.  It 
will  thas  be  seen  that  tlie  dynamo  may  be  made  to  do  dciuble  duty, 
charging  batteries  by  day  for  nse  in  cotinc«Uon  with  the  incandes- 
eenoe  lamps  and  snpplying  arc  lamps  direct,  at  night.    The  El.  M.  F. 
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of  «Mli  Bnuh  eell  U  abont  two  volts.  For  eleetrie  Hghtiiig,  Av 
•re  gBiienll;  prepared  In  battOTies  of  twentj  or  mcve  ceUa. 
aatomatie  current  "  muipnlaitor  "  or  switch  is  provided  with  < 
Bnuh  battery  and  is  amnged  so  m  to  retain  the  battery  in  di 
nntil  tt  Ib  chaiged 
then  ia  diKonnect  it  1 
the  drcnit  When  tkf 
charge  has  been  exhwaM 
to  a  certain  point,  it  bitip 
tbe  batter;  into  the  (^ 
cuit  again  and  holds  it  tDl 
it  has  been  rechargedud 
then  cuts  it  out  aa  befin 
Tbe  same  opeiatioD  in*- 
peated  with  eTciy  battel} 
In  cirenit.  The  opetitiM 
la  aatomatic  Each  iMt' 
tei7  has  a  clock  attach^ 
which  legiBtera  the  timt 
tb^t  the  dwTging  CDFTiml 
liaa  been  passing  throngfa 
the  cells.  The  innndi* 
oenoe  lunps  are  connected  ifith  the  batteries  through  the  "maidpa- 
lator,"  as  abown  in  Fig.  197.  Tbe  quantlt;  of  electrtdt/  mf^t 
of  being  "stored"  ma;  be  Increoaed  bj  inereadng  the  nnmlMi  ol 
cells  and  the  size  of  the  plates. 

416.  Magrnetic  Effects  of  the  Electric  Cm- 
rent. — Any  condnctor  is  reDdered  magnetic  by  poasing 
a  current,  of  electricitj  through  it.  A  common  needla 
may  be  magnetized  by  winding  about  it  an  insulated  cop- 
per wire  and  discharging  a  Leyden  jar  through  the  wire. 
We  have  already  seen  that  a  bar  of  soft  iron  may  be  tem- 
porarily magnetized  by  the  influence  of  the  Toltaio  current 
It  may  be  further  shown  by  tbe  action  of  the  bar  and 
helix. 

(a.)  This  apparatDB  consists  of  a  movable  bar  of  soft  Inm  smroanded 
t7  a  coil  of  insulated  copper  wire  (Fig.  198).  When  the  wire  of  tba 
sM  Is  pUeed  in  the  closed  eircnit  of  a  batterr,  the  Irao  bar  beocoHC 
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ungly  magnfltiaed;  when  the  drcolt  la  broken,  the  bar  Inatsntl; 
E  ita  magnetle  poner.  The  bar  miij  be  a 
Ight  piece  of  stouC  iron  wire ;  the  helix  miij 
e  by  winding  Insulated  copper  wire  upon 
%  Item  of  glass  tubing  large  enough  to  admit 
"hi  wire  HUd  not  qnite  as  long  aa  the  iron. 
\  90  A  S<>^  helix,  convenient  for  many  pur- 
I,  maj  be  made  apon  an  ordinarj  wooden 
P  l|oal.  With  a  aharp  knife,  make  the  shank  of 
F  k^Kiol  ae  thin  aa  poadble  and  then  wind  the 
F  Voot  full  of  inmlated  copper  wire  about  as  large  as  ordiDarj  broom 
f  ■  More-pipe  wire.  The  iron  bar  must  be  small  enough  to  pass 
■rily  tbroDgh  the  hole  in  the  spool  and  long  enough  to  project  a 
'  Me  waya  iKfond  each  end. 

(e.)  Either  of  these  belieea  may  be  placed  in  the  circuit  of  a  cell 
tnd  hdd  In  a  vertical  poeition,  when  it  will  act  as  a  "sacking' 
■agnet.  The  movable  iron  core  will  be  buld  in  niid-air  "  without 
117  risible  means  of  support." 
(d.)  The  •■  helix  and  ring  annatnre  "  is  shown  in  Fig,  IWI.  The 
annature  is  of  soft  iron  dividL-d  into  two  Bemicirclee 
with  brass  handles.  When  the  helix  is  placed  in  a 
closed  drcoit,  the  semicircles  resist  a  considerable 
force  tending  to  draw  them  apart ;  when  the  circuit 
is  broken,  iixey  fall  asunder  of  their  own  weight 
The  Iron  ring  maj  i>e  made  without  handles  b^  any 
blacksmith.  Btout  cords  will  answer  for  bandies. 
The  helix  may  be  made  by  winding  insulated  wire 
upon  a  pasteboard  cylinder  an  inch  or  an  inch  and  a 
half  long.  There  should  be  four  or  five  layeie  of 
Btont,  copper  wire  which  may  be  tied  together  with 
■trlnga  pasaing  through  the  hole  in  the  helix. 

(e.)  Bnch  t«mporary  magnets  as  these  are  called  electro-magnets. 
The  subject  of  electro-magnets  will  be  further  considered  in  §§  443- 
U8. 


Fig.  199 


417.  Deflection  of  the  Magnetic  Needle.— 

We  bare  already  seen  that  the  voltaic  current  haa  a 
marked  effect  in  turning  Hio  mi^netic  needle  from  its  north 
and  south  position,  tending  to  place  the  needle  at  right 
angles  to  the  direction  of  the  current.  This  may  be  easily 
Bhown  by  Omsted's  apparatus  represented  in  Fig.  200.    It 
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insists  of  a  magnetic  needle  and  a  brass  wire  frame 
khree  pole-cups,  permitting  the  current  to  be  passed  o\ 

under,  or  around  the  magnet. 
space  immediately  surrom 
ing  a  mire  carrying  an  elt 
current  is  a  field  of  magi 
force  as  truly  ew  is  the  spac$\ 
around  a  magnetized  bod^ 
(§  433). 

FiG.  200.  (a.)  If  the  current  pass  above  the  needle 

from  north  to  south,  the  north-seeking  or 
—  end  of  the  magnet  will  be  deflected  toward  the  east ;  if  it  pass 
from  south  to  north,  the  —  end  of  the  needle  will  be  deflected  toward 
the  west.  If  the  current  pass  below  the  needle,  the  deflections  wiU 
be  the  opposite  of  those  just  mentioned.  The  wires  are  insulated, 
where  they  cross  at  a. 

418.  The  Astatic  Galvanometer. — This  gal- 
vanometer depends  upon  the  principles  set  forth  in  th© 
last  paragraph.  It  is  a  very  delicate  instrument  for 
detecting  the  presence  of  an  electric  current  anSf 
determining  its  direction  and  strength.  In  Oersted's 
apparatus,  the  needle  is  heavy  and  a  considerable  force  is 
needed  to  set  it  in  motion  ;  in  the  galvanometer,  the  needle 
is  very  light  and  suspended  so  as  to  turn  easily.  In  Oersted's 
apparatus,  the  needle  is  held  in  the  magnetic  meridian  by 
the  directive  influence  of  the  earth ;  in  the  galvanometer, 
this  is  obviated  almost  wholly  by  the  use  of  an  astatic  needle 
(§  439).  In  Oersted's  apparatus,  the  current  makes  but  a 
single  course  about  the  needle  ;  in  the  galvanometer,  the 
wire  is  insulated  and  coiled  many  times  about  the  needle; 
thus  the  effect  is  multiplied.  One  of  the  needles  is  within 
the  coil  while  the  other  swings  above  it,  the  two  being 
connected  by  a  yertical  asia  ^oyBsoi^  ^^q>\x.\^  ^sdl  ^s^^^k^ 
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jaiate  a£t  in  the  coil.     If  both  needles  were  within  the 

ooa,  since  their  poles  are  reversed,  the  same  current  would 

lend  to  deflect  them  in  opposite  directions  and  thus  the 

action  of  one  needle  woald  neatralizo 

that  of  the  other.     The  astatic  needle 

18  soBpeDded  by  an  untwisted  silk 

fibre  from  a  hook  which  may  be  low- 
ered when  the  instmmeut  is  not  in 
use  until  the  apper  needle  rests  upon 
the  dial  plate  beneath  it.  The  ends 
of  the  coiled  wire  are  connected  with 
binding  screws ;  leveling  screws  arc 
proTided,  by  means  of  which  the  in- 
itmment  may  be  adjusted  so  that  the 
aeedles  shall  swing  clear  of  all  obstructions.  A  glass 
cover  protects  from  dust  and  distnrbauce  by  air  currents. 
The  instrument  is  represented  in  Fig.  301. 

(a.)  When  the  deBectlona  oF  the  Bstatic  galvanometer  are  leas  tban 
10°  or  15°,  tbe;  are  ver;'  nearl;  praportiooal  to  the  Btrengthe  of  the 
cnirents  that  prodace  sud  defiections.  A  current  that  deflects  the 
needle  6°  is  about  three  times  as  strong  bb  one  that  deflects  it  3°, 

<}>.)  That  a  galvaoometeT  shall  be  good,  it  muBt  be  able  to  mess. 
are  the  strength  of  the  cotTeot  in  some  certain  waj.  It  mnBt  be 
■dftpted  to  the  cnirents  to  be  measured  by  it.  A  galvanometer  fitted 
For  the  measnremsDt  of  small  currents  (e.  g.,  five  or  six  milliamperes) 
woold  not  be  suitable  for  measuring  a  ten  ampere  arc  electrio 
light  current.  If  tbe  current  to  be  measnred  has  paBsed  through 
%  dicuit  of  gnat  rerietance  («.  g.,  several  milee  of  telegraph  wire), 
%  short-coil  galvanometer  conelstlDg  of  only  a  fevr  turns  of  wire  will 
DOt  answer;  a  long-<mil  galvanometer,  with  many  turns  of  wire 
ibont  the  needle,  must  be  used.  Hence,  it  will  be  seen  that  diffcr- 
mt  kinds  of  galvanometers  are  needed  for  difFerent  kinds  of  worb. 
^See  Appendix  L.) 

Experiment  80.— Connect  an  iron  and  a  German  silver  wire  to 
lb*  binding  poets  of  a  sensitive,  ahort^coil,  astatic  galvanometer. 
Fwist  the  frae  ends  of  the  wires  together  and  heat  the  Jonction  In 
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the  flame  of  an  alcohol  hunp.  The  defleeUon  of  Ihe  gakanomiUi^ 
needle  mil  show  that  an  electric  current  is  tra^oersing  the  cMSL 
Cool  the  junction  with  a  piece  of  ice.  The  galvanometer  will  shon 
that  a  second  current  is  flowing  in  the  opposite  direction. 


419.  Thermo-Electricity.  —  //  a  circuit  he 
made  of  two  metals  and  one  of  the  junctions  to 
heated  or  chilled,  a  current  of  electricity  is  pnh 
duced, 

{a.)   This  may  be  further  illnstrated  by  the  apparatus  cibowB 

inFi«r.203.    Hie 

upper  bar,  mil, 
having  its  ends 
bent,  is  made  of 
copper ;  the  low- 
er, op,  is  of  Ins- 
muth.  This  rect- 
angular ftame  is 
to  be  placed  in  thfl 
magnetic  merid- 
ian and  a  mag- 
netic  needle 
placed  within  it 
Upon  heating  one 
of  the  jonctioDfl^ 
a  current  will  be  produced,  the  existence  of  which  is  satis&ctorilj 
shown  by  the  deflection  of  the  needle  as  indicated  in  the  figure.  The 
junction  may  be  chilled  with  a  piece  of  ice  or  by  placing  upon  it 
some  cotton  wool  moistened  with  ether.  In  this  case,  a  current, 
opposite  in  direction  to  the  first,  will  be  produced ;  the  needle  will 
be  turned  the  other  way.  The  frame  may  be  simplified  by  bend- 
ing a  strip  of  copper  twice  at  right  angles  to  make  the  top,  bottom 
wid  one  end  of  the  frame,  the  other  end  being  a  cylinder  of  biB- 
muth.  But  the  form  shown  in  Fig.  202  is  preferable,  as  the  same 
junction  may  be  heated  by  the  lamp  below  or  chilled  by  laying  a 
piece  of  ice  on  tbe  upper  side. 

420.  A    Thermo-electric  Pair.— K  a  bar  of 

antimony.  A,  be  soldered  to  a  bar  of  bismuth,  By  and  the 
free  ends  joined  by  a  wire,  we  evidently  have  a  circuit 
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liyalent  to  the  one  considered  in  the  last  paragraph. 

len  the  junction,  (7,  is  heated,  a  current  will  pass,  from 
^Insmuth  to  antimony  across  the  junction  and  from  anti- 
mony to  bismuth  through  the  wire,  as  shown  in  Fig.  203. 

(a.)  The  arrangement  is  analogous  to  a  voltaic  element,  the 
ntiiiiony  representing  the  —  plate  and 
Qurying  the  +  electrode,  the  hismath  lep- 
leeentin^r  the  +  plate  and  carrying  the  — 
dectrode,  while  the  solder  takes  the  place 
of  the  liquid.  TheKM.F.  ofanantimony- 
hlsmaih  pair  for  1°  G.  difference  of  temper- 
atore  is  abont  117  microvolts.  Just  as  a  nnmber  of  voltaic  elements 
Aay  be  connected,  so  may  a  number  of  thermo-electric  pairs  be 
Monected  to  form  a  thermo-electric  series. 

421.  The  Thermo-electric  Pile.  —  Several 
thermo-electric  pairs,  generally  five,  six^  or  seven,  are 
arranged  in  a  vertical  series,  as  shown  in  Fig.  204,  the 
intervening  spaces  being  much  reduced,  the  successive 
bars  separated  by  strips  of  varnished  paper  only  and  the 
wire  connection  omitted.  A  similar  series  may  be  united 
to  this  by  soldering  the  free  end  of  the  antimony  bar  of 

one  series  to  the  free  end  of  the  bis- 
muth bar  of  the  other,  the  two  series 
being  separated  by  a  strip  of  varn- 
ished paper.     Any  desirable  number 
of  such  series  may  be  thus  united, 
compactly  insulated  and  set  in  a 
metal  frame  so  that  only  the  sold- 
ered ends  are  open  to  view.     The  free  end  of  the  antimony 
bar,   representing  the  +  electrode,  and  the  free  end  of 
the  bismuth  bar,  representing  the  —  electrode,  are  con- 
nected with  binding  screws,  whicrh  may  be  connected  with 
a  BGDaitive  abort-coil  galvanometer.     The  thermo-electrio 


i96  TSVBirO-XLECTBZOITr. 

pile,  with  the  addition  of  conical  reflectors,  is  ahoTij 
in  Fig.  205.  A  change  of  temperature  at  either  eipofled] 
face  of  tlio  pile  produces  a  feeble  current  of  electrici^' 
which  is  manifested  by  the  movement  of  the  needle  of  tlta 
galvanometer.  The  inetrnm^t 
ie  much  naed  in  scientific  woik 
for  detecting  differences  in  tem- 
perature, heiog  much  moie 
BensitiTe  than  the  mercury  thra- 
mometer. 


433.  The  Peltier  Ef- 
fect.— When  an  electric  cnr- 
rent  passes  over  a  juDction 
from  antimony  to  bismufh, 
there  is  an  evolution  of  heat  at  I 
the  janction,  the  temperature 
of  which  rises.  When  the  current  passes  in  the  op- 
posite direction  (from  bismuth  to  antimony),  there  is  an 
absorption  of  heat  and  the  temperature  of  the  junction 
falls.  In  other  words,  if  the  current  be  sent  through  the 
circuit  in  the  direction  in  which  the  thermo-electromotiTO 
force  would  naturally  send  it,  the  heated  jnnotions  will  be 
cooled  and  the  cooled  junctions  will  be  heat«d. 

Exercises. 

1.  (a.)  Draw  a  figure  of  a  simple  Tolt^c  element,  (b.)  Sute 
what  is  meant  b^  the  electric  current,  (e.)  lodicate,  upon  tii» 
figure,  the  direction  of  the  carrent.  (d.)  What  are  the  electrodes? 
(«.)  Indicate  them  by  tlieir  proper  signa  upon  the  figure. 

2.  {a.)  Describe  or  figure  a  high  resistance  battery  of  Gtotb'b  elft- 
meota.  (b.)  A  low  resistance  battery  of  Bunseu'a  eleuwuta.  (iJ 
Wht,t  is  the  peculiar  advantage  of  the  Daniell's  battrayt 
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8.  Deeeribe  an  experiment  illnsirating  the  heating  effects  of  cur- 
lent  electricity. 

4  (a.)  How  may  a  very  feeble  current  he  detected  ?  (6.)  Describe 
fte  apparatus  used,  (e,)  Mention  the  features  contributing  to  its 
delicacy. 

6.  (a.)  If  the  resistance  of  one  mile  of  a  certain  electric  light  wire 
li&58  ohms,  what  is  the  resistance  of  44  miles  of  the  same  wire? 
pi)  The  resistance  of  a  certain  wire  is  5  ohms  per  100  yd.  What 
length  of  the  same  wire  will  have  a  resistance  of  18.2  ohms? 

Ans,  {a.)  15.75  ohms.    (&.)  264  yd. 

6.  What  is  the  resistance  of  a  mile  of  copper  wire  that  has  a 
diameter  of  65  mils  If  the  resistance  of  a  mile  of  copper  wire  80  mils 
in  diameter  is  8.29  ohms  ?  Ans,  12.56  ohma 

7.  If  the  resistance  of  700  yd.  of  a  certain  wire  is  0.91  ohm,  what 
ii  the  resistance  of  1320  yd.?  Ana,  1.72  ohm. 

8.  (a.)  Define  electrolyte.  (&.)  What  term  is  applied  to  chemical 
decomposition  when  effected  by  means  of  an  electric  current  ?  (c.) 
flow  would  you  go  about  the  task  of  determining  for  yourself  the 
electro-chemical  nature  of  a  substance  ? 

9.  The  resistance  of  a  certain  wire  is  455  ohms.  The  resistance 
of  a  mile  of  the  same  wire  is  1.8  ohms.  What  is  the  length  of  the 
first  wire?  Ana,  8.5  mi. 

10.  The  resistance  of  a  mile  of  copper  wire  70  mils  in  diameter  is 
10.82  ohms.  What  is  the  diameter  of  a  copper  wire  a  mile  long  and 
having  a  resistance  of  28  ohms  ?  Ans,  0.048  inch  or  48  mils. 

11.  What  should  be  the  length  of  a  silver  wire  so  that  it  may 
have  the  same  resistance  as  10  inches  of  copper  wire  of  the  same 
thickness,  the  conductivity  of  silver  being  1.0467  times  that  of 
copper? 

12.  Find  the  resistance,  at  the  freezing  temperature,  of  20  m,  of 
German  silver  wire  weighing  52.5  grams,  having  given  that  the  resist- 
ance, at  the  same  temperature,  of  a  wire  of  the  same  material  1  771. 

7]long  and  weighing  1  g.  is  1.85  ohms.  Ana.  14.1  ohm. 

^  18.  When  a  piece  of  fine  platinum  wire  and  a  galvanometer  are 
put  in  the  circuit  of  a  galvanic  cell,  the  needle  is  deflected.  Remove 
the  platinum  wire  and  close  the  circuit  with  stout  copper  wire ; 
the  needle  is  deflected  more  than  before.     Explain. 

14  Find  the  resistance  of  500  yd.  of  copper  wire  165  mils  in 
diameter,  the  resistance  of  one  mile  of  copper  wire  280  mils  in 
diameter  being  one  ohm.  Ana.  0.55  ohm. 

15.  If  1,000  ft.  of  wire  95  mils  in  diameter  have  a  resistance  oi 
1.15  ohm,  what  is  the  diameter  of  a  wire  of  the  same  material  that 
haa  a  resistance  of  10.09  ohms  per  1,000  ft.?  Ana,  82  mils. 
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16.  Under  what  circumstances  is  it  desirable  to  anange  osDi 
as  shown  in  Fig.  206  ? 

17.  A  copper  wire  6  m.  long  has  a  diameter  of  0.74  mm.  WM 
is  the  leDgth  of  a  copper  wire  of  1  mm,  diameter  that  has  the  sanw 

electrical  resistance  ?  An8.  10.957  m. 

18.  Given  8  cells,  each  with  an  E.  M.  F.  of  2  volti 
and  an  internal  resistance  of  8  ohms.  The  resstasos 
of  the  external  circuit  is  to  be  16  ohms.  How  shall 
the  cells  be  arranged  to  give  maximum  current  and 
what  will  that  current  be?  Ans.  0.25  ampere. 

19.  What  is  the  length  of  an  iron  wire  having  a 
sectional  area  of  4  aq.  mm,  and  the  same  resistance  aa 
a  copper  wire  1,000  yd.  long,  the  latter  having  a  sec- 
tional area  of  1  sq.  mm.,  the  conductivity  of  iron 
being  ^  that  of  copper  ?  Ans,  571}  yd. 

20.  Two  incandescence  lamps  of  31  and  37  ohmi 
respectively  are  placed  abreast  in  a  circuit.  Find  the 
joint  resistance  of  the  two  lamps.    Ana,  16.87  ohma 

21.  How  thick  must  an  iron  wire  be  so  that  it  and 
a  copper  wire  that  has  the  same  length  and  a  diame- 
ter of  2.5  mm.  shall  have  the  same  resistance,  the  r& 
sistance  of  iron  being  7  times  that  of  copper? 

Ans.  6.61  mm. 

22.  How  many  coulombs  will  be  furnished  by  the  consumption  of 
20  ^r.  of  zinc? 

23.  What  weight  of  zinc  must  be  consumed  in  each  cell  of  a 
voltaic  battery  of  3  Daniell's  cells  to  enable  the  electrolysis  of  9  g. 
of  water?    (Neglect  loss  by  local  action.)  Ans.  About  32.5^. 

24.  What  weight  of  copper  will  be  deposited  in  each  cell  of  the 
battery  mentioned  in  the  last  problem  ?  Ans.  About  81.5  g. 

25.  Three  wires,  the  respective  resistances  of  which  are  5,  7  and 
9  ohms  are  joined  in  multiple  arc.  Find  the  resultant  resistance  of 
this  compound  conductor.  Ans.  2.2  ohms. 

26.  What  is  the  necessary  E.  M.  F.  of  a  dynamo  that  is  to  furnish 
a  10  ampere  current  for  60  arc  lamps  (in  series),  each  of  which  has  a 
resistance  of  4.5  ohms,  the  resistance  of  the  line  wire  being  10  ohms 
and  the  internal  resistance  of  the  dynamo  being  22  ohms  ? 

27.  A  piece  of  zinc,  at  the  lower  end  of  which  a  piece  of  copper 
wire  is  fixed,  is  suspended  in  a  glass  jar  containing  a  solution  of 
acetate  of  lead  (sugar  of  lead).  After  a  few  hours,  a  deposit  of  lead 
m  tree-like  form  grows  downward  from  the  copper  wire.  Explain 
this. 

28.  Liquids  increase  in  conductivity  with  an  increaae  of  temper 
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atare.    Will  a  given  battery  give  a  stronger  current  at  0°  C.  or  at 

29.  What  should  be  the  length  of  a  lead  wire  so  that  it  may  have 
tlie  same  leedstanoe  as  10  inches  of  copper  wire  of  the  same  thicknesa 
the  oonductivity  of  lead  being  0.0928  times  that  of  copper  ? 

80.  Four  wires  are  joined  together  in  multiple  arc,  their  resist 
•noes  being  6.6, 18, 8.7  and  3.9  ohms  respectively.  Find  the  result 
•Dt  resiatance  of  the  compound  conductor  thus  formed. 

Am,  117  ohm. 


HOKOBABY  PBOBLEIL 

81.  Find  the  number  of  incandescence  lamps  that  may  be  worked 
in  multiple  arc  by  a  dynamo-electric  machine  that  has  an  internal 
lesistance  of  0.082  ohm.  The  E.  M.  F.  of  the  dynamo  is  65  volts 
ind  the  resistance  of  each  lamp  is  28  ohms.  The  current  must  be 
1.6  amperes  in  each  lamp.  Am.  109  lamps. 
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MAGNETISM. 

433.  Natural  Magnets. — One  of  the  most  valna- 
ble  iron  ores  is  called  magnetite  (Peg  O4).  Occasional 
specimens  of  magnetite  will  attract  filings  and  other  pieces 
of  iron.  Such  a  specimen  is  called  a  lodestone. 
It  is  a  natural  magnet. 

424.  Artificial  Magnets. — Artificial  magnets  are 

either  temporary  or  permanent.     A  temporary  magnet 

is  usually  made  of  soft  iron  and  is  called  an  electro- 

Qiagnet.     A  permanent  magnet  is  usually  made  of  steel. 

Artificial  magnets  have  all  the 

properties   of   natural    magnets 

and  are  more  powerfrd  and  con- 

renient.      They   are,  therefore,  fig.  207. 

preferable  for  general  use.    The 

most  common  forms  are  the  straight  or  bar  magnet  and 
the  horseshoe  magnet.  The  first  of  these  is  a  straight  bar 
of  iron  or  steel;  the  second  is  shaped  like  a  letter  U,  the 
ends  being  thus  brought  near  together,  as  shown  in  Fig. 
207.  A  piece  of  kon  placed  across  the  two  poles  of  a 
horseshoe  magnet  is  called  an  armature.  We  have  already 
learned  how  to  make  artificial  magnets. 

435.  Betentivity. — It  is  more  difficult  to  get  the 
magnetism  into  steel  than  into  iron.    It  is  also  more  difiS* 


803 


MAGifsTiatr. 


cult  to  get  it  ont.  This  power  of  resisting  magiuH 
zation,  or  demagnetization  is  called  coercive  fan 
or  retentiviiy.  The  harder  the  steel,  the  greater  ito  a 
tentiyitj.    Soft  wrought  iron  has  but  little  retentivity. 

436.  Distribution  of  Magrnetism.— If  a  hi 

magnet  be  rolled  in  iron  filings  and  then  withdrawn,  th 


filiDgs  cling  to  the  ends  nf  the  bar  hnt  not  to  the  middl 
This  form  of  attraction  is  not  evenly  diatribnted  throng] 
out  the  bar.  It  is  greatest  at  or  near  the  end 
These  points  of  greatest  attraction  are  called  tf, 
poles  of  the  magnet.  It  is  impossihle,  by  any  kuon 
HUtuUi  ^  develop  one  magnetic  pole  without  simulttm 
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witj  developing  another  pole  of  opposite  sign.  The  mid- 
dle of  the  magnet  does  not  attract  iron  and  is  called  the 
Ujuator  or  neutral  point. 

Experiment  81. — Bring  either  end  of  a  bar  magnet  near  the  end 
of  a  floating  piece  of  iron,  AB ;  the  iron  is 
Ittiacted.     Bring  the  same  end  of  the  « 

nagnet  near  the  middle  of  the  iron ;  the 
faon  is  attracted.  Bring  the  same  end  of 
ihe  magnet  near  the  other  end  of  the  iron  ; 
the  iron  is  attracted.  Repeat  the  experi- 
ments with  the  other  end  of  the  magnet ;  _, 
in  each  case,  the  iron  is  attracted.  Fig.  209. 


42?.  Attraction  between  a  Magnet  and 
Iron. — Either  pole  of  a  magnet  wUl  attract  or- 
dinary iron. 

Experiment  82.~Freely  suspend  three  bar  magnets.  A,  B  and  0^ 
At  some  distance  from  each  other.    This  may  be  done  by  placing  each 
magnet  in  a  stout  paper  stirrup  supported  by  a  cord  or  horse-hair  or 
Qpon  a  board  or  cork  floating  on  water.  (See  Fig.  209.)   When  they  have 
torn  to  rest,  each  mil  He  in  a  north  and  south  line.    Magnets  for  this 
experiment  may  be  made  by  magnetizing  (§  448)  three  stout  knitting- 
needles.    If  there  is  any  electric  light  apparatus  in  your  neighbor- 
hood in  charge  of  a  good-natured  man,  he  will  probably  magnetize 
the  neeOles  for  you.    Each  needle  may  be  suspended  by  means  of  a 
triangular  piece  of  stiff  writing-paper.    Pass  the  needle  through  the 
paper  near  the  lower  corners ;  at  the  other  corner,  aflix,  by  wax,  the 
end  of  a  horse-hair.    The  jioles  may  be  indicated  by  little  bits  of  red 
and  of  white  paper,  fastened  by  means  of  wax  to  the  ends  of  the 
needles.    Mark  the  north-seeking  poles,  —  and  the  south-seeking 
poles,  -^. 

438.  Characteristics  of  Magnets.— J^o^/^e^^ 
are  chiefly  characterized  by  the  property  of  attract- 
ing iron  and  by  a  tendency  to  assume  a  partic- 
ular direction  of  position  when  freely  suspended. 

Experiment  83.^a.)  Take  magnet  A  of  Experiment  83  from  its 
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■apport  uA  biiug  its  +  eod  near  tlie  —  end  al But  C    Noticafl| 
attmction. 

(6.)  Bring  the  +  end  of  J  near  the  +  end  of  £  or  C.    1 
repnlBioD. 

(«.)  Bring  the  ~  end  of  A  near  the  —  end  of  B  or  C.     Notice  d 
repolMon. 

(d.)  Bring  the  —  end  of  A  near  the  +  end  of  B  or  (7.     Notice  Ol 
attiactiou. 

(e.)  From  (a.),  we  learned  that  the  —  ends  of  B  and  0  were  a 
attracted  by  the  +  end  uf  ^.     Bring  the  —  end  of  B  nei 
end  of  C.     Notice  that  thej  now  repel. 

(/)  From  (b.)>  we  learned  that  the  +  ends  of  B  and  C  w 
repelled  bj  the  +  end  of  A.     Bring  the  +  end  of  B  near  the  ■*  aA  '■ 
C.     Notice  that  they  now  repel 

(jr.)  In  similar  manner,  show  that  the  +  end  of  B  will  attract  tlu 
—  end  of  C;  that  the  —  end  of  B  will  attract  the  +  end  of  C. 

Becord  the  resultB  of  fonr  experiments  in  tabular  form  thna; 


(a.)  +  attracts  — . 
(li.)  —  attracts  +. 


(t.)  +  repels  +. 
(«.)  —  repels  — , 


Experiment  84. — Magnetize  a  number  of  fine  Bewbig^-needlee  bT 
drawing  the  +  end  of  a  bar  magnet  three  or  fonr  times  from  the  eye 
to  the  point  of  each. 
Cut  several    small 
corks     into     slicei 
about  an  ^ghtb  of 
an      inch      thick. 
Through  each  cork 
disc,  push  a  needle 
up  to  its  eye,  point 
downward,   and 
place    tlieni     in    a 
round  dish  of  water. 
These    little    ma^- 
nets  have  their  lihr 
ituallj  repel.     Bring  the 
the  needles :  they  will 
them ;  they 
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a  each  other  and  they 
ind  downward,  < 
be  driven  Co  the  sides.     Similarly,  bring  the  ~  end 
will  he  attracted  tuwsrd  the  centn 


poles  presented  t 
bar  magnet,  with  it 
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two  poles;  lihe  poles  repel  each  other;  unlike 
wles  attract  each  other, 

(2.)  Magnetic  force,  like  other  forms  of  attra^ 
tion  and  repulsion,  varies  inversely  as  the  squar6 
of  the  distance. 

Experiment  85. — ^Dip  one  of  the  magnetized  knitting-needles  ii  tk 
iron  filings.  Notice  that  filings  cling  to  the  ends,  near  the  paper 
discs,  but  that  none  ding  to  the  middle.  Break  the  needle  in  the 
ndddle  and  dip  each  piece  into  iron  filings.  Notice  that  the  un* 
nuked  ends,  which  were  at  the  middle  of  the  unbroken  magnet, 
lum  attract  iron  filings  as  well  as  do  the  marked  ends.  Poles  havs 
Um  devdaped  in  parts  of  the  needle  that  previouslj/  showed  no  mag- 
ndic  attraction, 

430.  Effect   of  Breaking  a  Magnet.— If   a 

.  magnet  be  broken,  each  piece  becomes  a  magnet  with  two 
poles  and  an  equator  of  its  own.  These  pieces  may  be 
repeatedly  subdiyided  and  each  fragment  will  be  a  perfect 
magnet. 


'-    ♦ 


It  is  probable  that  every  molecule  has  its  poles 
or  is  polarized  and  that,  could  one  be  isolated,  it 
would  be  a  perfect  magnet.  We  may,  thus,  conceive 
a  magnet  as  made  up  of  molecules  each  of  which  is  a 
magnet,  the  action  of  the  molar  magnet  being  due  to  the 
combined  action  of  all  the  molecular  magnets  of  which  it 
is  composed. 

431.  Magnetized,  Magnetic  and  Diainag- 
netic  Substances. — A  magnetized  body  is  one  that 
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can  be  made  to  repel  a  pole  of  a  freely  suspended  magnet 
Substances  that  are  attracted  by  a  magnet  are  called  inaj' 
netic;  e.g,,  iron  or  steel  and  nickel.  Substances  tliat  are 
repelled  by  a  magnet  a,re  called  diamagnetic;  €.g.,  bismuth, 
antimony,  zinc,  tin,  mercury,  lead,  silver,  copper,  gold 
and  arsenic.  Of  these,  iron  is  by  far  the  most  magnetic, 
while  bismuth  is  the  most  diamagnetic.  The  magnetic 
properties  of  iron  or  steel  are  easily  shown ;  diamagnetic 
properties  require  a  powerful  magnet  for  satisfactory  illus- 
tration. 

Experiment  86.— Wrap  a  bar  magnet  in  a  piece  of  doth.  With 
it,  attract  and  repel  the  poles  of  a  suspended  magnet. 

Experiment  87. — Repeat  the  last  experiment,  holding  a  slate  or 
sheet  of  zmc  between  the  two  magnets. 

Experiment  88.— Put  one  piece  of  the  broken  magnet  into  a  bot- 
tle ;  cork  the  bottle  tightly.  With  it,  attract  and  repel  the  poles  of 
a  suspended  magnet. 

433.  Magnetic  Screens. — Jfothing  hut  a  mai- 
netic  body  can  cut  off  the  inductive  action  of  a 
magnet.  If  a  small  magnet  be  suspended  inside  a  hol- 
low iron  ball,  no  outside  magnet  will  affect  it. 

Experiment  89. — With  the  end  of  a  good  bar  magnet,  write  your 
name  upon  the  blade  of  a  handsaw.  The  invisible  characters  may 
be  made  visible  by  sifting  fine  iron  filings  upon  the  blade. 

Experiment  90. — Place  a  piece  of  card-board  or  Tough  drawing 
paper  over  a  good  bar  magnet.  Sift  fine  iron  filings  through  a  piece 
of  muslin  upon  the  card-board  and  tap  it  lightly.  The  iron  partideB 
will  move  and  arrange  themselves  in  well  defined  curved  lines.  (See 
Fig.  212.)  By  using  two  bar  niagnets  placed  side  by  side,  first,  with 
like  poles  near  each  other  and,  secondly,  with  unlike  poles  near  each 
other,  their  combined  effect  on  the  iron  filings  may  he  easily  ob 
served.     The  figures  will  be  widely  different. 
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433.  Magnetic  Field.— A  magnet  seems  to  be  snr- 
ided  by  an  atmosphere  of  magnetic  influence  called 
magnetic  field.      (See  §  450rf  and  Apjiendix  N.) 
le  magnetic  curves^  formed  in  the  above  experiment, 
yery  interesting  and  instructive  for  they  show  th^ 
I  Section  of  the  lines  of  magnetic  force.    The  filings' 
in  any  one  of  these  carves  are  temporary  magnets  with 


Fig.  212. 

adjoining  poles  opposite  and  therefore  attracting.  If  a 
small  magnetic  needle  be  suspended  over  the  card  board 
at  any  point,  its  length  will  tend  to  lie  in  the  direction 
of  the  lines  of  magnetic  force  at  that  point  as  mapped  out 
by  the  iron  filings. 

(a.)  The  figures  may  be  permanently  fixed  by  ustnpf  a  sheet  of 
glass  that  has  been  gammed  and  dried,  instead  of  the  sheet  of 
paper.  The  filings  are  sifted  evenly  over  the  surface  ;  then  the  glass 
is  tapped ;  then  a  jet  of  steam  is  caused  to  play  gently  above  the 
sheet,  softening  the  surface  of  the  gum,  which,  as  it  hardens,  fixes 
the  filings  in  their  places. 

(ft.)  Since  the  lines  of  force  are  made  of  little  magnetic  particles 
that  set  themselves  thus  in  obedience  to  the  attractions  and  re- 
pulsions  in  the  field,  they  represent  the  resultant  direction  of  said 
forces  at  each  poSnt.  They  map  out  the  magnetic  field,  showing  the 
direi^oo  of  ihe  magnetic  force  by  their  position  and  its  intensity  by 
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their  number.  If  a  small  —  pole  could  be  obtained  alone  and  put 
down  on  any  one  of  these  lines  of  force,  it  would  tend  to  move  along 
that  line  from  +  to  —  ;  a  gingle  +  pole  would  tend  to  move  along 
the  line  in  an  opposite  direction. 

Experiment  91. — Rub  one  end  of  a  steel  pen  against  the  end  of  a 
magnet.  Dip  the  pen  into  iron  filings  and  notice  that  the  newly 
made  magnet  has  a  pole  at  each  end.  Determine  the  sign  of  each  ol 
these  poles,  as  indicated  in  Experiment  82. 

434.  Magnetization  by  Contact. — .4  bar  of 

iron  or  steel  may  be  magnetized  by  rubbing  U 
against  a  magnet.  Pure  or  soft  iron  is  easily  magnet- 
ized but  quickly  loses  its  magnetism  when  the  magnetiz- 
ing influence  is  removed.  Hardened  steel  is  magnetized 
with  more  difficulty  but  retains  its  magnetism  after  the 
removal  of  the  magnetizing  influence. 

Experiment  92. — Move  the  point  of  an  unmagnetized  steel  pen  to 
and  fro  very  near  one  end  of  a  magnet  hut  without  touching  it  to 
the  magnet.  Dip  the  pen  into  iron  filings  and  determine  whether 
or  not  it  has  heen  magnetized.  If  it  has,  determine  the  sign  of  each 
pole,  as  in  the  last  experiment  and  notice  whether  the  point  of  the 
pen  is  of  the  same  polarity  as  the  end  of  the  magnet  near  which  it 
was  moved. 

Experiment  93. — Bring  a  short  har  of  soft  iron,  I,  Y&ry  near  a 
strong  bar  magnet,  M,  end  to  end,  as  shown  in  the  figure.     Sprinkle 


Fig.  213. 

iron  filings  over  the  ends  of  the  iron  har  and  they  will  cling  as  they 
would  to  a  magnet.     The  iron  bar  is  a  magnet^  wMle  it  remains  in 

this  position, 

435.  Magnetic  Induction. — If  the  end  of  a  bar 

of  soft  iron  be  brought  near  one  of  the  poles  of  a  strong 
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fiiagnet^  iJie  iron  becomes,  for  the  time  being,  a  mag" 
net.    The  poles  of  the  temporary  magnet  will  be  opposite 
to  those  of  the  pennanent  magnet^  i.e.,  if  the  -f  or  posi- 
tiye  pole  of  the  magnet  be  presented  to  the  iron  bar^  it 
will  develop  a  —  or  negative  pole  in  the  nearest  end  of  the 
iron  bar  and  a  +  pole  at  the  further  end.    Bring  the  iron 
bar  nearer  the  magnet  and  this  effect  will  be  increased. 
Actual  contact  is  not  necessary^  but  when  the  iron  and 
the  magnet  touchy  the  magnetizing  force  is  the  greatest. 
If  a  steel  bar  be  used  instead  of  an  iron  bar^  it  will  be  per- 
manently instead  of  temporarily  magnetized.      Ihe  iron 
or  the  steel  is  induced  to  become  a  magnet  by  the 
influence  of  the  magnet   used.    It   is  said   to  be 
magnetized  by  induction.    This,  like  other  forms  of 
attraction,  varies  inversely  as  the  square  of  the  distance. 
We  have  already  seen  that  magnetic  induction  takes  place 
in    certain    directions    called    lines    of  magnetic    force 
(§  433.) 

Experiment  94. — Bring  a  soft  iron  rinp:  to  the  end  of  a  magnet. 
It  will  be  supported.  Bring  a  second  ring  into  contact  with  the 
first  ring  and  it  will  be  sup- 
ported. In  this  way,  quite 
a  number  of  rings  may  be 
supported,  each  ring  being 
magnetized  by  the  bar  or 
ring  magnet  above  it.     Of  Fig.  214. 

course,  the  attractive  force 

is  continually  weakening  from  the  first  to  the  last  riD|;r.  gup- 
port  the  upper  ring  upon  your  finger  and  remove  the  magnet. 
Each  ring  ceases  to  be  a  mapfnet  and  the  chain  is  broken  into 
its  separate  links.  Vary  the  experiment  by  using,  instead  of 
the  rings:  (1,)  Soft  iron  nails;  (2.)  Steel  sewing  needles.;  and 
see  if  there  is  any  diffJarence  in  the  results. 

Experiment  95. — Suspend  an  iron  key  from  the  positive  end  of 
a  bar  magnet.    The  key  is  inductively  magnetized,  the  relation  of 
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its  poles  to  each  other  and  to  tfae  magnet  being  as  shown  in 
215.    A  second  bar  magnet  of  about  the  same  power,  with  its 
opposite,  is  moved  along  the  first  magnet.     When  the  —  end  af  i 
second  magnet  comes  over  the  key,  the  key  drops. 


^ 

* 


Fig.  215. 

The  first  magnet  tends  to  induce  a  —  pole  at  the  upper  end  of  tbs 
key.  The  second  magnet  tends  to  induce  a  +  pole  at  the  sams 
point.     The  effect  of  each  magnet  neutralizes  that  of  the  other. 

Experiment  96. — Magnetize  a  piece  of  watch  spring  about  siK 
inches  long  (easily  obtainable  at  the  watch  repairer's)  by  drawing  it 
several  times  between  the  thumb  and  the  end  of  a  magnet.  Dip  it 
into  iron  filings.  Lift  it  carefully  with  its  load.  Bring  the  poles  of 
the  spring  magnet  together,  bending  the  magnet  into  a  ring.  Th/9 
magnet  drops  its  had. 

436.  Induction  Precedes  At- 
traction.— We  now  see  why  a  ma^et 
attracts  ordinary  iron;  it  first  magnetizes 
it  and  then  attracts  it.  The  attraction  be- 
tween unlike  poles  is  greater  than  the  re- 
pulsion between  like  poles  because  of  the 
smaller  distance  between  them.  Compare 
§336. 

Experiment  97. — Test  a  conmion  fire  poker  for 

magnetism  by  bringing  a  small  magnetic  needle  near 

its  ends  and  seeing  whether  the  poker  repels  either 

pole  of  the  compass  needle  or  whetlier  the  two  ends  of  the  poker 

attract  different  poles  of  the  needle.    If  the  poker  is  not  even  slightly 

ma^etic,  place  it  with  ite  uppei  end  ttlo^^g  \ainv«x^  ^«  ^^^qsq^^k^  v^ 
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jmake  an  angle  of  a  little  less  than  half  a  right  angle.  In  other 
place  it  in  the  position  assumed  by  the  dipping  needle. 

439.)  While  the  poker  is  in  this  position,  strike  it  a  few  blows 
a  wooden  block  or  mallet.  Test  it  again  for  magnetism.  A 
poker  that  has  asoally  stood  in  a  nearly  vertical  position  may, 

ins,  often  be  shown  to  have  acquired  magnetism. 

437.  The  Earth  is  a  Magiiet.— The  earth  acts 
tfike  a  huge  magnet  in  determining  the  direction  of  corn- 
pus  and  dipping  needles.  Its  inductive  influence^  as 
diown  in  the  last  experiment^  strengthens  the  belief  that 
it  has  such  action.  If  a  small  dipping  needle  be  placed 
over  the  —  end  of  a  bar  magnet^  the  needle  will  take  a 
Tertical  position  with  its  +  end  down.  As  the  needle  is 
moved  toward  the  other  end  of  the  bar,  it  turns  from  its 
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Fig.  217. 

vertical  position.     When  over  the  neutral  line,  the  needle 
is  horizontal.     As  it  approaches  the  +  end  of  the  magnet, 
the  needle  again  becomes  vertical,  but  the  —  end  of  the 
needle  is  drawn  down.     If  a  dipping  needle  be  carried 
from  far  southern  to  far  northern  latitudes,  it  will  act  in  a 
similar  way.     Many  facts  seejn  to  teach  that  the  earth  is 
a  great  magnet  with  magnetic  poles  near  its  geo- 
graphical poles.     The  magnetic  polo  in  the  northern 
hemisphere  was  found  in  1832  by  Capt.  Ross.     It  was  then 
ft  Jiitia  north  and   west  of  Hudson's  Bay,  in  latitude 
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70°  06'  N.,  and  longitude  96°  45'  W.  A  place  in  the  south- 
em  hemisphere  has  been  found  where  the  dipping  needle 
is  nearly  vertical. 

438.  Names  of  Magnetic  Poles. — We  have  now  leaned 
to  regard  the  earth  as  a  huge  ma^et,  with  one  pole  in  the  northern 
hemisphere  and  one  in  the  southern.  Since  unlike  poles  attract 
each  other,  it  follows  that  tJie  eartJCs  magnetic  pole  situated  in  ike 
northern  hemisphere  is  opposite^  in  kind,  to  ths  end  of  a  ma>gnetic  ruedU 
that  points  to  the  north.  From  this  fact,  great  confusion  of  nomen- 
clature has  arisen.  We  have  spoken  of  the  end  of  the  needle  that 
points  north  as  —  or  negative.  Following  this  nomenclature,  the 
northern  magnetic  pole  of  the  earth  must  be  +  or  positive.  But 
popular  usage  calls  the  north -seeking  end  of  the  needle  the  north 
pole  and  the  other  end  the  south  pole.  This  introduces  greaJt  confu- 
sion when  we  wish  to  speak  of  the  magnetic  poles  of  the  earth. 
The  nomenclature  that  we  have  adopted  obviates  this  confosion. 

Experiment  98. — Make  a  horizontal  needle  of  a  piece  of  watch 
'spring  about  six  inches  long  and  straightened  by  drawing  it  between 

thumb  and  finger.  Heat  the  middle  of  the 
needle  to  redness  in  a  flame  and  bend  it 
double.  Bend  the  ends  back  into  a  line 
with  each  other,  as  shown  in  Fig,  218. 
Magnetize  each  end  separately  and  oppo- 
sitely. Wind  a  waxed  thread  around  the 
short  bend  at  the  middle  to  form  a  socket 
and  balance  the  needle  upon  the  point  of  a  sewing-needle  thrust  into 
u  cork  for  support.  A  little  filing,  clipping  with  shears  or  loading 
with  wax  may  be  necessary  to  make  it  balance.  The  needle  will 
point  north  and  south. 

Experiment  99. — By  means  of  a  fine  wire  fork,  gently  lay  one  of 
the  magnetized  sewing-needles  of  Experiment  84  on  the  surface  of 
water.  It  will  float  without  any  cork  or  similar  support  and  will 
assume  a  north  and  south  position.  It  may  be  considered  the  needle 
of  a  small  compass. 

439.  Magnetic  Noodles. — .^  small  bar  magnet 
suspended  in  sucJi  a  manner  as  to  allow  U  to 
assume  its  chosen  position  is  a  magnetic  needle. 
It  may  turn  in  a  horizontal  or  a  vertical  plane^ 
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horizontal  plane 
Bu  rvey- 


'  it  be  free  Ui  move  in  i 
!.  g.,  the  mariner's  or  tht 
paaa  (B^g.  SI9}.  It  will 
□ting  nearij  north  and  south, 
lagnet  be  free  to  more  in  a  ser- 
ine, it  conatituWa  a  vertical  or 
needle  (Fig.  230).  Two  magnets 
to  a  common  axis  but  having 
les  reversed  coustitnte  an  astatic 
Big.  321).  An  astatic  needle  aa- 
D  particnlar  direction  with  reepect 
«h  if  the  two  needles  are  eqnallj 
fed.    (§418.) 


Fig  319. 


ake  a  dipping 


t^  thraetlDg  a  knitting-needle  throogb 
a  cork  so  that  ibe  cork  shall  be  at 
the  middle  of  the  needle.  Throsl 
thmngh  the  cork,  at  right  angles 
to  the  knitting-needle,  half  a  knit- 
ting-needle, or  a  Bewing-needle, 
for  an  aiia  Support  tbe  ends  of 
the  aiis  upon  the  edges  of  two 
glass  goblets  or  other  convenient 
objects.  Push  the  knitting-needle 
through  the  cork  so  that  it  will 
balance  npon  the  axis  like  a  scale- 
beam.  Magnetize  the  knitting- 
needle  and  notice  the  dip. 

{c)  A  magnetized  sewing- 
needle,  suspended  near  its  middle 
(at  its  centre  of  gravilyl  by  a 


untwisted 
IS  a  dipping  needle. 


t  first  be  suspended  si 
il     and    magnetized    afterward. 
t  form  of  dipping  needle  is  repre- 
lE^.  332. 

.  Inclination  or  Dip.— 

mgle     that     a     dipping 
makes    with    a     hori-  ^^^ 

line    is    called    its    in-  ^"^-  **•■ 

sw  «r  dijc?.      Tbe  angle  in  queation  a  iadic&ted 
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by  the  dotted  arc  of  Pig.  232. 


At  the  magnetic  poles,  tiie 
JQclinatioQ  ia  90°;  at 
the  magoetio  eqoator, 
there  is  no  idcUim- 
tion.  The  inclination 
at  any  given  place  il 
not  greatly  diSereot 
Irom  the  latitude  of 
that  place. 

(a.)  BsperimenM  te 
incUnatloii  ue  diffleoU 
of  eseention  -withoal  spfr 
rial  apparatoB.  ItadiA 
cult  to  make  a  needle 
__  tarn  about  a  prfnt  m- 
^^^p  acti;  coincideDt  with  iK 
centre  of  grariCj.  In 
TDOgh  experimentB,  then 
is  danger  that  the  mig- 
□e^  effect  will  be 
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Experiment  100. — Set  two  stakes  so  that  a  string  joining  them 
vrill  point  toward  the  North  Star.  The  string  will  run  north  and 
south  or  nearly  enough  so  for  our  purpose.  Place  a  long  magnet 
BOBpended  as  a  needle  under  or  over  the  string.  Looking  downward 
at  the  magnet  and  the  string,  it  will  probably  be  found  that  the 
needle  and  the  string  do  not  point  in  the  same  direction.  The 
North  Star  may  be  easily  found  any  evening  in  the  direction  indi- 
cated by  "The  Pointers"  of  the  well  known  constellation,  ''The 
Great  IMpper."  "The  Pointers"  are  the  two  stars  marked  by  the 
Greek  letters  a  and  p  in  Fig.  228. 

441.  Declination  or  Variation. — The  magnetic 
needle,  at  most  places,  does  not  lie  in  an  exact  north  and 
south  line.  The  angle  that  the  needle  makes  with 
the  geographical  meridian  is  its  declination  or 
variation,  A  line  drawn  through  all  places  where  the 
needle  points  to  the  true  north  is  called  a  Line  of  no  Vari- 
ation.  Such  a  line,  nearly  straight,  passes  near  Cape  Hat- 
te:<ras,  a  little  east  of  Cleveland,  Ohio,  through  Lake  Erie  and 
Lake  Huron.  It  is  now  slowly  moving  westward.  At  all 
places  east  of  the  Line  of  no  Variation,  the  —  end  of  the 
needle  points  west  of  the  true  north ;  at  all  places  west  of 
the  Line  of  no  Variation,  the  variation  is  easterly.  The 
further  a  place  is  from  this  line,  the  greater  the  declina- 
tion, it  being  18°  in  Maine  and  more  than  20°  in  Oregon. 

{a.)  In  order  that  ships  may  steer  safely  by  the  compass,  magnetic 
charts  are  prepared.  The  declination  at  various  places  is  properly 
Indicated  on  the  chart.  The  surveyor  must  recognize  not  only  the 
declination  of  his  needle  but  also  the  changes  in  declination.  Other- 
wise he  would  not  be  able  properly  to  "  run 
the  lines  "  of  a  g^ven  piece  of  land  from  the 
description  given  in  an  old  deed. 
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Experiment  101.  —  Construct  a  floating       'i:i^~^^'HT^^^^y 
cell  of  zinc  and  copper  plates,  about  \  inch  oii!=^^^^^^P" 

apart,  the  connecting  wire  being  ^ven  an  ^  ^ 

elongated  spiral  or  «?fc7W>Mi  form,  and  support  ^^G-  224. 

it  bj  a  large,  flat  cork  resting  on  the  surface  of  a  bowlful  of  adda- 
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lated  water,  as  shown  in  Pig.  234.    The  solenoid  may  be  made 
winding  the  middle  part  of  about  3  yards  of  No.  20  insolated  oopi 
wire  around  a  rod,  half  an  inch  in  diameter,  forming  thus  a  coil,(] 
or  5  inches  long.     The  current  will  set  the  axis  of  the  solenoid  ini 
north  and  south  direction  as  if  it  were  a  magnetic  needle.    By  hddr] 
ing  one  end  of  a  bar  magnet  near  first  one  end  and  then  the  oiher 
end  of  the  solenoid,  it  will  be  found  that  the  latter  exhibits  magnetit 
polarity. 


Fig.  225. 


Experiment  102. — Support  a  solenoid  by  pladng  the  extremities 
of  its  wire  (bent  into  the  same  vertical  axis)  in  two  mercury  cups,  as 
shown  in  Fig.  225,  or  use  the  solenoid  of  the  floating  battery  above 
described.  Bring  the  end  of  a  second  solenoid  snocessively  to  the 
ends  of  the  first  and  notice  the  exhibition  of  magnetic  polarity. 

Experiment  103. — Send  a  current  of  electricity  from  the  small 
cell,  mentioned  in  Experiment  16,  through  its  wire.  Pour  half  a 
teaspoonful  of  iron  filings  upon  a  sheet  of  paper  and  bring  the  wire 
conductor  of  the  cell  into  contact  with  the  filings.  Notice  that  the 
filings  cling  to  the  wire  as  though  it  were  a  magnet.  Break  the 
circuit  and  notice  that  the  filings  fall  from  the  wire. 

442.  Electro -Magnets. — From  these  experiments, 
we  see  that  while  the  wire  conductor  is  carrying  an  electric 
current  it  has  the  properties  of  a  magnet.  We  have 
already  seen  that,  under  similar  circumstances,  the  con- 
dactor  deflects  a  magnetic  ue^^  ^  M  V\»  ^^^  K^ssa^  ^ 
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Wgnet  In  tact,  sncb  a  conductor  is  a  temporary  mag- 
net The  magnetic  effect  is  mach  increased  if  a  con- 
^derable  length  of  the  condnctor  be 
made  of  inaalated  wire  and  wonnd 
kto  a  coil,  as  shown  in  Fig.  3S6. 
Snch  a  coil  ia  called  a  helix  j  it  is  a 
magnet  with  a  +  pole  at  one  end  and 
a  —  pole  at  the  other.  It  has  an 
«aaily  perceptible  magnetic  field.  If 
GsoftiroD  rod  or  core  be  introduced 
into  the  eoil,  it  enters  the  magnetic  „         , 

field  of  the  eoil  or  helix  and  becomes 
»  magnet  This  combination  of  coil  and  core  consti- 
tntea  an  electro>magnet  and  is  more  powerfully  mag- 
netic than  the  coil  alone,  ^n  electro-magnet  is  a 
har  of  iron,  surrounded  by  a  coU  of  insulated  wirs 
Carrying  a  current  of  electricity.  It  may  be  made 
more  powerful  than  any  permanent  magnet  but  loses  its 
power  as  soon  as  the  current 
ceases  to  flow  through  its  coil, 
The  fact  that  the  magnetism  of 
this  apparatus  is  under  control 
adapts  it  to  many  important  uses, 
such  as  electric  bells  and  tele- 
graphic instruments. 

443.  Forms  of  Electro- 
Magnets.— The  bar  of  §  416,  a, 
^"^-  '"'■  and  the  ring  of  Fig.  199,  with 

Cheir  helices,  are  electro-magnets.  The  electro-magnet 
more  often  has  the  horse-shoe  form  shown  in  Fig.  227,  so 
:iiat  the  attraction  of  both  poles  may  act  upon  the  same 
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body  at  the  snne  time.    The  middle  of  the  bent  ^m  \ 
bare,  the  direction  of  the  winding?  on  the  ends  being  i 
that^  were  the  bar  strughtened,  the  carrent  would  i 
in  the  eame  direction  round  every  part.    More  freqnen^   f 
the  two  helices,  A  aad  B,  have  separate  cores  which  a 
joined  by  a  third  straight  piece  into  which  the  ends  (A  Q 
cores  are  screwed.     An  armature  is  often  placed  a 
two  poles  of  the  magnet,  as  shown  in  the  figure.     Electio^L 
magneta  have  been  made  capable  of  supporting  sevenl  | 
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(a.)  Whea  the  circuit  is  broken  and  the  current  thne  Interrupted, 
the  Iron  Ib  geneiall}'  not  leho&y  demagnetised.  The  small  migut- 
lam  remaining  ie  railed  r««f[fuaJm^m«tum.  Ther«ddual  magnetisn 
seems  to  increase  with  the  hardness  and  imparity  of  the  iron.  Tha 
cores  of  electro- magnets  for  some  poipoeea  are  made  of  the  sotM 
tud  purest  iron  obtainable. 


444.  The  Electric  Telegraph.  — The  electrit 
telegraph  consists  essentially  of  an  electro-magnet  and  a 
'  key  "  placed  in  the  circuit  of  a  battery.  The  key  is  an 
instrument  by  which 
the  circuit  may  Ije 
easily  broken  or  closed 
at  will.  The  armature, 
A,  of  the  "register' 
magnet,  M,  is  sup- 
ported by  a  epring,  S, 
which  lifts  it  when  the 
circuit  is  broken. 
When  the  circuit  is 
closed,  the  armature  is  drawn  down  by  the  attraction  of 
the  magnet.  Thus,  the  armature  may  be  made  to  vibrate 
op  «nd  dowD  at  the  will  oi  ftiev*™^''^^*^'*^*^-  '^'** 
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armatnie  may  act  upon  one  arm  of  a  leyer,  (he  otiier  end 
of  which,  being  provided  wiih  a  style  or  pencil,  P,  may  be 
piesaed  against  a  paper  ribbon,  R,  drawn  along  by  clock- 
irork.  Thus,  the  pencil  may  be  made  to  record,  upon  the 
moving  paper,  a  series  of  dots  and  lines  at  the  pleasure  of 
the  operator  at  the  key  perhaps  hundreds  of  miles  away. 
^Vlien  the  two  stations  are  several  miles  apart,  one  of  the 
wires  is  dispensed  with,  the  circuit  being  completed  by 
connecting  each  station  with  the  earth.  This  ai*range« 
ment  saves  half  the  wire  and  nearly  half  the  cost  of  the 
line.  As  the  resistance  of  the  earth  is  insignificant,  there 
is  the  further  saving  of  nearly  half  the  battery  otherwise 
necessary.  Earth  connections  are  often  made  by  joining 
the  wires  to  water  or  gas  pipes  that  run  into  the  ground. 
When  the  line  is  long,  there  is  a  battery  at  each  end,  the 
+  electrode  of  one  battery  and  the  —  electrode  of  the 
other  battery  being  joined  to  the  line  wire.  The  same 
principle  of  communicating  signals  by  making  and  break- 
ing an  electric  circuit  is  used  in  fire  and  burglar  alarms, 
iiotel  annunciators,  etc. 

4A5.  Morse's  Alphabet.  —  The  inventor  of  the 
practical  electric  telegraph  was  an  American,  S.  F.  B.  Morse. 
The  code  of  signals  devised  for  him  is  given  below : 
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(a.)  To  prereDt  confnaiou,  b  small  space  ia  left  between  be 
letters,  a  looger  ooe  between  wordti  ind  a  still  longer  oi 
Bentenoes.    We  here  give  a  short  message  written  In  Roman  ud  ■ 
telegraphic  characters ; 


H    . 


1 


1 


The  otdinar?  teleg^raph  operator  does  not  pnnctnste  hie  t 
to  anjr  eonsiderable  extent.     Telegrat^  operatois  si 


fiuniliar  with  this  alphabet  that  the;r  undentand  ft  message  from  the 
mere  clicks  of  the  lever  and  do  not  use  any  recotding  appanttas. 
Such  an  operamr  ie  said  to  "  read  \>j  sound  ";  his  InBtmment  ia  called 
a  "Bounder."  Rg.  229  represents  one.  The  sonnder  is  placed  on  ■ 
local  circuit  and  has  a  usual  resistance  of  from  three  to  five  ohms. 


(6.)  With  a  long  main  line,  the  resistance  la  to  great  that  the  cnr- 
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•iKllleient  foioe.  Tbie  difflcultj  is  met  ^ 
[h]^  introdocing  a  "  local  batteiy  '*  and 
\wk  **  lelaj  "  at  each  station  on  the  line. 
[  TTbe  relay  (f^g.230)  is  a  delicate  elec- 
\  ^po-magnet,  of  which  the  tenninals, 
\  a  tnd  h,  are  connected  with  the  main 
[  nne.  This  magnet  operates  an  ar- 
natare  lever,  e,  the  end  of  which 
fltaikes  against  a  metal  contact  piece 
and  thus  doses  the  local  ciicnit 
through  the  terminals,  e  and  d.  The 
TBflistance  of  relays  vary  from  50  to 
600  ohms.  The  "Western  Union" 
Btandard  relay  has  a  reristance  of  150 
ohms. 

(c.)   The  arrangement   of   instm- 
ments  is  best  studied  at  a  telegraph 
station,  one  or  more  of  which  may  be 
found  at  almost  any  town  or  railway 
BtatioD.    The  general  features  of  the 
"plant"  are  represented  by  the  dia- 
gram shown  in  fig.  281.    The  pupil 
will  probably  find  the  key,  sounder 
and  relay  on  a  table  and  the  local 
battery,  h,  under  the  table.    The  keys 
being  habituidly  dosed,  the  current 
passes  through  all  relays  on  the  line, 
the  current  bdng  continuous  (§  395) 
except  when  a  message  is  being  sent 
from  some  office.    When  an  operator, 
in  sending  a  message,  opens  his  key, 
the  breaking  of  the  drcuit  stops  the 
current,  demagnetiaes  the  rdays  and 
allows  their  sprkigs  to  draw  back  the 
araiature  levers,  e.    This  breaks  each 
local  circuit  and  demagnetizes  each 
flounder,  the  spring  of  which  raises 
its   armature.    Things   are   now  as 
shown   in  the  diagram,  which  also 
represents  the  condition  of  affairs  at 
every  other  station  on  the  line.   When 
a  message  is  sent  from  any  station, 
each  je^y  l&ver,  e,  acta  as  a  key  to 


Fig.  231. 


\ 


its  local  circuit,  it  and  th0 
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Bounder  leyer  yibiatiDg  in  obedience  to  the  motions  of  the  kcf  i 
the  sending  station.    Of  coarse,  the  sending  operator  can  read ! 
own  message  from  his  sounder.    The  message  maj  also  be  read 
any  sounder  on  the  line. 

(d.)  If  the  local  circuit  at  New  York  (see  Fig.  231)  be  leni 
so  as  to  reach  thence  to  Boston  and  the  local  batteiy,  h,  be  increaBeil 
to  the  dimensions  of  a  main  battery,  B,  (ground  connections  beiiif ; 
made^  of  coarse),  the  relay  at  New  York  will  transmit  to  Boston  tl*  ^ 
messogo  received  from  Cleveland.     In  sach  cases,  the  relay  at  New 
York  becomes  a  repeater.    Messages  ftom  New  York  to  Chicago  nuj 
thus  be  repeated  at  Meadville,  Pa.,  without  the  intervention  of  aaj 
operator. 

446.  Duplex  and  Quadraplex  Telegrraphy.— 

The  simple  Morse  system,  just  described,  is  very  reliable, 
but  a  given  wire  can  transmit  only  one  message  at  a  time. 
By  what  is  known  as  the  duplex  system^  a  wire  may  be 
made  to  convey  two  messages,  one  each  wayy  at  the  same 
iime,  without  conflict.  By  what  is  known  as  the  quadru- 
plex  system,  a  wire  may  be  made  to  carry  four  messages, 
two  each  way,  at  the  same  time,  Delany's  multiplex  sys- 
tem enables  the  sending  of  six  messages  iu  the  same  direc- 
tion at  one  time.  The  student  is  referred  to  technical 
works  on  telegraphy  for  an  explanation  of  these  systems. 
A  good  Morse  operator  can  send  or  receive  thirty  or  forty 
words  a  minute ;  by  the  aid  of  a  combination  of  recent 
inventions,  fifteen  hundred  words  have  been  transmitted 
over  a  single  wire  in  one  minute. 

447.  Electric  Bells. — The  construction  of  the 
trembler  or  electric  bell  will  be  clearly  seen  by  an  exam- 
ination of  Fig.  232.  When  the  button  at  P  (anywhere 
on  the  circuit)  is  pushed,  two  metal  pieces  are  brought 
into  contact  and  the  circuit  is  thus  completed.  The  spring 
earned  by  the  armature  of  the  msi/gaei,  E^  makes  contact 
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b  tAe  tip  of  the  screw  at  O,  except  when  it  is  drawn 
.y  by  the  attraction  of  the  magnet. 


Fig.  332. 

.)  When  tlie  aprln^  rests  ftgfklnst  the  end  of  the  screw  at  ^'(the 
lit  Mug  dooed  at  P),  the  cores  of  E  are  ma^etized.  They 
I  diaw  tlie  Brmatnre  away  from  the  end  of  the  screw  ond  break 
dtcait  at  C.  B,  being  thus  demagnetized,  no  longer  BttractB  ita 
atare,  which  la  thrown  back  against  the  end  of  the  screw  b;  the 
■AiAtj  of  the  spring  that  supports  it.  It  is  then  a^ain  attracted 
relMsed,  thos  vibrating  rapid!}'  and  striking  a  blow  upon  the 
M  £'at  ereij  vibiatJon.    (See  §  4G9,  a.) 
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448.  Making  Permanent  Magnets. — A  com' 
mon  way  of  magnetizing  a  steel  bar  is  to  draw  on« 
end  of  a  strong  magnet  from  one  end  of  tbe  bar 
to  the  other,  repeating  the  operation  seyeral  timea, 
always  in  the  same  direction.  A  second  method  is  to 
bring  together  the  opposite  poles  of  two  magnets  at  tbe 
middle  of  the  bar  to  be  magnetized  and  simaltaneoaal; 
drawing  them  in  opposite  directions  from  the  middle  to 
the  ends.  A  steel  bar  may  be  magnetized  by  striking  it 
on  end  with  a  wooden  mallet  while  it  is  held  in  the  direc- 
tion assumed  by  the  dipping  needle.  If  a  bar  of  steel  l)e 
heated  to  redness  and  cooled,  either  slowly  or  suddenly, 
while  lying  in  tbe  magnetic  meridian,  it  acquires  magnetic 
polarity.  But  better  than  any  of  these  can  give  art  the 
efTects  produced  by  electro-magnetism. 


The  bar  may  be  permanently  magnetized  by  drawing  it, 
from  its  centre,  in  one  direction  over  one  pole  of  a  power- 
ful electro-magnet  and  then,  from  its  centre,  in  the  oppo- 
site direction  over  tbe  other  pole  and  repeating  the  pro- 
cess a  few  times  {Fig.  233). 

A  bar  of  steel  placed  within  a  helix  through  which  » 
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■troag  cnrraiit  is  paasing  will  be  permauently  magnetized. 
TThe  bar  should  be  paesed  ioto  one  end  of  the  belix  and 
TemoTed  from  the  other  end. 

(a.)  A  long,  thin,  ateel  maignet  1b  more  powerfol  in  proportion  to 
Us  n^ht  than  a  thicker  one  is.  Componod  magnets  are,  therefore. 
made  of  thin  pieces  of  steel,  separstely  megTietised  and  then  bound 
together  in  hnndlea.  A  borse-ehoe  magnet  nill  lift  a  load  three  or 
four  times  aa  heavy  as  nill  a  bar  magnet  of  the  same  weight.  The 
Ufdng  power  is  increased  if  the  area  of  contact  between  the  poles  and 
tbe  armatnre  is  increased.  The  lifting  power  of  a  magnet  isstrength- 
eoni,  in  an  aneiplaJned  way,  by  gradually  Increasing  the  load  on  its 
irmatnre  day  by  day  ontil  it  beara  a  load  which  at  the  ontset  it 
CDold  not  have  borne.  If  the  load  be  so  increased  that  the  armature 
ii  lorn  off,  the  power  of  the  magnet  falls  at  once  to  its  original 
nlae.  The  attraction  between  a  powerful  electromagnet  and  its 
umatiire  may  amotmt  to  200  lb.  per  square  inch,  or  14,000  g.  per 
tj.  cm.  Small  magnets  lift  a  greater  load  in  proportion  to  their  own 
Wright  than  lai^  onee.  A  good  steel  horse-slioe  magnet  neighing 
one  pound  ought  U>  lift  twenty  pounds'  weight. 
A  eteel  magnet  loses  part  of  its  magnetism  by  be- 
ing jarred  or  knocked  about  and  all  of  it  by  being  i 
beated  to  rednees. 

449.  Armatnres. — Magnets  left  to  them- 
nWes  soon  lose  th^  magDetiBm.  They  should. 
therefbre,  be  pivvlded  with  armatures.  Armattiret 
are  pieeet  of  iq/I  irim  pUued  in  contact  mith  oppotUe 
poUi,  aa  shown  In  VSg.  2S4.  The  two  poles  of  tliu 
magnet  (or  magnets,  for  two  bar  magnets  may  be 
thus  protected)  act  inductit'ely  upon  the  armature 
and  produce  in  it  poles  opposite  in  kind  to  tliose 
with  which  they  come  in  contact.  Tits  poles  of  the 
armature  in  turn  react  npon  the  magnet  and,  by 
tb^  power  of  attraction,  aid  in  retaining  the  mag' 
netiam.  Fig.  234. 

450.  Mf^netic  Units. — All  magnetic  quantities,  strength  c^ 
poles,  latenaity  of  magnetization,  clc.  are  expressed  in  terms  of 
special  anita  derived  from  the  fundamental  units  of  length,  ina»»  and 
Oou,  !'.«.,  they  are  C.  3.  S.  units 

(a.)  Unit  Strength  of  Magnetic  Pole. — The  unit  magnetic  pole  is 
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one  of  Bach  strength  that  it  repels  a  similar  pole  of  equal  strengtl 
with  a  force  of  one  djne  when  it  is  placed  at  a  distance  of  one  oentii 
meter  from  it. 

(&.)  Magnetic  Potential  being  measured  b^  viork  done  in  moriag 
a  unit  magnetic  pole  against  the  magnetic  forces^  the  nnit  of  mig. 
netic  potential  will  be  measured  by  the  nnit  of  work,  the  erg. 

(e.)  Unit  Difference  of  Magnetic  Potential  exists  between  twc 
points  when  it  requires  the  expenditure  of  one  erg  of  work  tc 
bring  a  ~  unit  magnetic  pole  from  one  point  to  the  other  against 
the  magnetic  forces. 

(d)  Intensity  of  Magnetic  Field  is  measured  by  the  force  it  exertg 
upon  a  nnit  magnetic  pole ;  hence, 

(e.)  Unit  Intensity  of  Field  is  that  which  acts  on  a  unit  —  poW 
with  a  force  of  one  djne. 

451.  Electro-Magrnetlc  Units.— The  magnetic  units  jnat 
described  give  rise  to  a  set  of  electrical  units,  in  which  t?ie  strength 
tfcitrrents,  etc.,  are  expressed  in  magnetic  measures,    (See  §  330.) 

(a.)  Unit  Strength  of  Current. — A  current  has  nnit  strength  whei 
1  em.  length  of  its  circuit  bent  into  an  arc  of  1  em.  radius  (so  as  to 
be  always  1  cm,  away  from  the  magnet-pole)  exerts  a  force  of  one 
dyne  on  a  unit  magnet-pole  placed  at  the  centre. 

(6.)  Unit  of  Quantity  of  Electricity  is  that  quantity  which  is  con- 
veyed by  unit  current  in  one  second. 

(c.)  Unit  of  Difference  of  Potential  (or  of  E.  M.  P.)  is  that  which 
exists  between  two  points  when  it  requires  the  expenditure  of  one 
erg  of  work  to  bring  a  unit  of  +  electricity  from  one  point  to  the 
other  against  the  electric  force. 

{d)  Unit  of  Resistant. — A  conductor  possesses  nnit  resistance 
when  unit  difference  of  potential  between  its  ends  causes  a  current 
of  unit  strength  to  flow  through  it. 


453.  Practical  Units. — As  some  of  these  **abso* 
lute"  electro-magnetic  units  are  too  large  for  common^ 
convenient  use  and  others  are  too  small,  the  pwietical 
units,  the  volt,  the  ohm,  the  ampere,  the  coulomb  and 
the  farad  have  been  chosen  and  are  generally  used.  These 
units  have  been  already  described,  the  value  of  each  in 
absolute  electro-magnetic  unila  bemg  ^y'^^tl. 


453.  Molecular   Changes   in  a  Magnet.— 

When  a  steel  or  iron  bar  is  strongly  magnetized^  it  in- 
ereases  in  length  and  diminishes  in  thickness.  This  effect 
ii  probably  dne  to  the  magnetization  of  the  individual  mole- 
cales,  which  tend  to  set  tjiemselyes  parallel  to  the  lecgth 
of  the  bar.  This  supposition  is  confirmed  by  the  observa- 
tion that  at  the  moment  when  a  bar  is  magnetized  or 
demagnetized^  a  faint  metallic  click  is  heard  in  the  bar. 
When  a  tube  containing  water  rendered  muddy  with  finely 
divided  magnetic  oxide  of  iron  is  magnetized,  the  liquid 
becomes  clearer  in  the  direction  of  magnetization,  the  par- 
ticles apparently  setting  themselves  end  to  end  and  al- 
lowing more  light  to  pass  between  them.  A  piece  of  iron, 
when  powerfully  magnetized  and  demagnetized  in  rapid 
snccession,  grows  hot^  as  if  the  changes  were  accompanied 
ly  internal  friction. 

454.  Theory  of  Magnetism. — ^These  and  other 
phenomena  point  to  a  theory  of  magnetism  very  different 
from  the  old  notion  of  "  magnetic  fluids."  It  appears  that 
every  molecule  of  a  magnet  is  itself  a  magnet  and  that  the 
molar  magnet  becomes  a  magnet  only  by  the  molecular 
magnets  being  turned  so  as  to  point  one  way.  This  con- 
clusion is  supported  by  the  observation  that  if  a  glass  tube 
full  of  iron  filings  be  magnetized,  the  filings  may  be  seen 
to  set  themselves  endwise  and  that,  when  thus  once  set, 
ihey  act  as  a  mag^iet  until  they  are  shaken  up. 

455.  Relation  of  Magnetism  to  Energy.— A 

magnet  is  a  reservoir  of  potential  energy.  This  energy  is 
due  to  the  expenditure,  at  some  time,  of  a  definite  amount 
ftf  energy,  ofBome  kind.    By  virtue  of  its  potential  energy, 
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it  can  do  a  definite  amount  of  work  and  no  more.  For  in- 
stance^ it  may  attract  a  certain  amount  of  iron.  When 
thuB  fully  loaded^  the  magnet  has  done  its  full  work  and 
can  do  no  more.  When  the  iron  is  torn  from  fhs 
magnet,  m^ore  energy  is  expended  and  the  magnei 
thus  endowed  again  with  potential  energy,  A 
magnet  has  not  an  inexhaustible  supply  of  energy, 
as  som^e  have  supposed. 

EXEBGISES. 

1.  (a.)  What  is  a  magnetic  pole?  (&.)  A  magnetic  equator? 
(e,)  How  does  a  magnet  behave  toward  soft  iron?  (d»)  How  does 
soft  iron  behave  toward  a  magnet  ? 

9.  (a,)  State  carefully  the  various  effects  that  one  magnet  may 
exert  upon  a  second  magnet,  (p.)  Generalize  these  observed  facts 
into  a  law. 

8.  On  board  an  iron  ship  that  is  laying  a  submarine  telegraph 
cable,  there  is  a  galvanometer  used  for  testing  the  continuity  of  the 
cable.  It  is  necessary  to  prevent  the  magnetized  needle  of  the  gal- 
vanometer from  being  affected  by  the  magnetism  of  the  ship.  How 
can  this  be  done  ? 

4  (a.)  Given  a  bar  magnet,  how  would  you  determine  the  sign  of 
either  of  its  poles?    (b.)  What  is  a  diamagnetic  substance  ? 

5.  If  a  magnetic  needle  be  freely  suspended  from  its  centre  of 
gravity,  what  position  will  it  assume? 

6.  (a.)  Do  you  think  that  the  earth  is  a  magnet?  (&.)  Give  a  good 
reason  for  your  answer,  (c.)  Do  the  magnetic  and  the  geographical 
meridians  ever  coincide?  {d.)  Do  they  always  coincide?  (e.)  If 
they  do  not  coincide,  what  name  would  you  give  to  their  difference 
in  direction  ? 

7.  («.)  Does  the  magnetic  attraction  of  the  earth  upon  a  ship's 
compass  tend  to  float  the  ship  northward  ?  (6.)  If  so,  why?  If  not, 
why  not  ? 

8.  (a.)  State  and  illustrate  the  second  law  of  motion.  (6.)  State 
and  illustrate  the  law  of  universal  gravitation,  (c.)  A  body  &lls  to 
the  ground  from  rest  in  11  seconds ;  what  is  the  space  passed  over? 

9.  An  electric  bell  in  Cleveland,  Ohio,  is  to  be  rung  by  a  battery 
in  New  York  City.  Should  the  magnet  coils  of  the  bell  be  made  of 
Sne  or  coarse  wire  ? 
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10.  Would  70a  ofie  a  long  coil  or  a  short  coil  galvanometer  to 
measure  the  corrent  used  to  ring  the  bell  above  mentioned? 

11.  Would  it  make  any  difference  whether  the  galvanometer  were 
^t  into  the  circait  at  New  York  or  at  Cleveland  if  the  line  be  thor- 
ougblj  insulated  ? 

12.  With  a  local  battery  of  2  cells,  each  having  an  internal  resist- 
uce  of  2  ohms,  what  should  be  the  resistance  of  the  sounder? 

13.  The  cells  represented  in  Fig.  285  have  each  an  E.  M.  F.  of  2 
Tolts  and  an  internal  redstance  of  8  ohms. 

What  is  the  resistance  of  the  external  cir- 
cuit, 6^,  if  the  battery  is  arranged  in  the  best 
possible  way  ?  Am,  2  ohms. 

14  Why  is  it  that  when  there  is  little  other 
resistance  in  the  circuit,  a  stout  wire  with  few 
tarns  will  make  a  stronger  electro-magnet  than 
ayery  fine  wire  with  many  more  turns? 

15.  A  battery  of  5  Leclanche  cells  was  con- 
nected in  simple  circuit  with  a  galvanometer 
and  a  box  of  resistance  coils.    A  deflection  of 
40°  having  been  obtained  by  adjustment  of  the 
resistances,  it  was  found  that  the  introduction 
of  150  additional  ohms  of  resistance  brought 
down  the  deflection  to  29**.    A  battery  of  ten 
t)an)eirs  cells  was  then  substituted  in  the  cir- 
cait and  adjusted  until  the  resistance  was  40° 
as  before.     But  this  time  it  was  found  that  216 
ohms  had  to  be  added  before  the  deflection  was  brought  down  to 
29°.    Taking  the  E.  M.  F.  of  a  single  DanielPs  cell  as  1.079  volt, 
calculate  that  of  a  single  Leclanche  cell.  Ans.  1.499  volt. 

10.  An  electric  bell  has  a  resistance  of  0.5  ohm.  It  requires  a 
current  of  20  milliami)eres  to  ring  it.  It  is  on  a  line  of  1  mile 
of  No.  20  copper  .wire  (see  Appendix  I).  Ignoring  the  internal  re- 
sistance of  the  battery,  find  how  many  Leclanche  cells  {E,  M.  F, 
=  1.6  volts)  will  be  required. 

"17.  We  have  to  send  a  current  through  a  telegraph  line,  100  miles 
long,  the  resistance  of  which  is  13  ohms  per  mile.  The  battery  is 
composed  of  Daniell  cells,  each  having  an  E.  M.  F.  of  1.079  volts  and 
an  internal  resistance  of  2  ohms.  The  telegraphic  instrument  offers 
a  resistance  of  180  ohms  and  requires  a  current  of  10  milliamperes 
to  work  it.     Will  one  cell  of  battery  answer  our  purpose?    Wliy  ? 

18.  Under  what  circumstances  wiU  a  magnet  repel  an  unmag- 
netized  piece  of  iron  ? 


Fig.  235. 


.a 
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19.  Give  two  or  tliree  differences  between  electric  attncdoi  \ 
lepolsions  and  magnetic  attractions  and  repulsions. 

20.  A  zinc  and  a  copper  plate  are  respectively  united  bj  ^' 
wires  to  the  terminals  of  a  galvanometer.     They  are  dipped,  »         '.; 
side,  into  a  glass  containing   dilute  sulphuric  acid.     The 
nometer  needle,  at  first,  shows  a  deflection  of  28**,  but  five  n 
later  the  deflection  has  fallen  to  11°.    How  do  you  account  f< 
falling  off?  j 

21.  A  wire,  the  resistance  of  which  was  to  be  determine* 
placed  in  a  Wheatstone^s  bridge,  in  which  resistances  of  10  a: 
ohms  respectively  were  used  as  the  fixed  resistances.  Its  resi 
was  balanced  when  the  adjustable  coils  were  arranged  to  thro 
ohms  into  circuit.     What  was  its  resistance  ?    (See  Appendix  Id 

Ans.  28.1  ob 

22.  Relays  are  wound  with  long,  fine  wire  and  soundera 
short,  stout  wire.     Why  is  there  this  difference  ? 


J 
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Becapitulation.— To  be  amplified  by  the  pupil  for 
ifiew. 
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MAGNETIC  AND  ELECTRO-MAGNETIC  UNITS. 
I  RELATION  TO  ENERGY. 


^Sectfon  v. 

INDUCED     ELECTRICITY. 

456,  Induced  Currents.  —  From  our  study  of 
frictional  electricity  and  magnetism,  we  are  familiar  with 
the  term  induction,  by  which  we  understand  the  influence 
that  an  electrified  body  exerts  upon  a  neighboring  unelec- 
trified  body  or  that  a  magnetized  body  exerts  upon  a 
neighboring  magnetic  but  unmagnetized  body.  In  1831, 
Faraday  discovered  an  analogous  class  of  phenomena 
which  we  are  now  about  to  consider.  An  indiuced  our- 
rent  is  a  current  produced  in  a  conductor  by  the 
influence  of  a  neighboring  current  or  magnet,  A 
current  used  to  produce  such  an  effect  is  called  an  in- 
ducing current. 

457.  Inductive  EflFect  of  Closing  or  Break- 
ing a  Circuit. — In  Fig.  236,  B  represents  a  double 
coil  made  as  follows:  On  a  hollow  cylinder  of  wood  or 
card-board  are  wound  several  layers  of  stout,  insulated, 
copper  wire.  The  two  ends  of  this  wire,  which  constitutes 
the  primary  coil,  are  seen  dipping  into  the  cups,  gg\  Upon 
this  coil  and  carefully  insulated  from  it,  is  wound  a  much 
greater  length  of  finer,  insulated  copper  wire.  The  two  ends 
of  this  wire,  which  constitutes  the  secondary  coil,  are  seen 
connecting  with  a  delicate,  long  (ioW  ^«\^wiwsskRtex^  Q. 
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Betuember  that  there  is  no  electrical  connection  between 
tin  two  coils.  Wires  from  the  poles  of  a  roltaio  cell,  P, 
dp  into  mercury  in  the  cups  g  g',  thas  closing  a  circuit 
:thioagh  the  primary  coil  of  B.  While  thie  circuit  is  closed, 
ihe  galvanometer  needle  is  at  rest,  showing  that  no 
.(Qireat  is  passing  through  the  secondary  coil.  By  lifting 
(me  of  the  wires  from  its  cup,  the  inducing  current  is 
interrupted.     At  this  instant,  the  galranometer  needle 


Fig.  236. 

1!  deflected,  as  by  a  sadden  impulse  that  immediately 
passes  away.  This  movement  of  the  galvanometer  needle 
shows  the  existence  of  a  momentaiy,  induced  current  in 
the  secondary  coil.  The  direction  in  which  the  needle 
tnms,  shows  that  the  secondary  current  is  direct,  i.  e., 
that  it  has  the  same  direction  as  the  inducing  cur- 
rent. It  the  wire  just  removed  from  the  cup  be  replaced 
wid  the  indaoiug  current  thus  re-established,  the  galva- 
nometer needle  will  be  momentarily  turned  in  the  direction 
oppodte  te  that  in  which  it  was  previously  tumod.  WTien 
a  eurrent  begins  to  flow  through  the  primary  coil, 
M  induces  a  eu-rreni  in  the  secondary  coil.     When 
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it  ceases  to  flow  through  the  primary  coil,  a 
rent  flowing  in  the  opposite  direction  is  indi 
in  the  secondary  coil.     Both  induced  currents 
<iierely  momentary  in  duration, 

468.  The  Extra  Current.— When  a  circnit  iij 
made  or  broken,  each  convolution  of  a  coil  placed  in  th§ 
circuit  acts  inductively  upon  the  other  convolutions  A 
the  coil  as  if  they  were  portions  of  two  unconnected  ci^ 
cuits.  This  action  is  called  the  induction  of  a 
current  upon  itself;  the  current  thus  produced  is 
called  the  extra  current. 

(a.)  Wlien  the  circait  is  made,  the  extra  current  is  inyerse  or 
opposite  in  direction  to  the  primary  current  and  acts  against  it 
The  extra  current  at  the  breaking  of  the  circuit  is  direct  and  addt 
U8  effect  to  that  of  the  primary  current.  Hence,  a  spark  is  more 
often  seen  on  breaking  than  on  making  contact.  Increasing  the 
number  of  coils  or  convolutions  in  the  circuit  wiU  increase  the  brill- 
iancy of  the  '^ark.  If  the  coil  has  an  iron  core  (electro-magnet) 
the  effect  is  especially  marked. 

469.  Ruhmkorff's  Coil.  —  The  induction  coil, 
often  called,  from  the  name  of  its  inventor,  Buhmkorff's 
coil,  is  a  contrivance  for  producing  induced  cur- 
rents  in  a  secondary  coil  by  closing  and  opening, 
in  rapid  succession,  the  circuit  of  a  current  in 
the  prim,ary  coil.  The  essential  parts  are  described  in 
§  457.  In  the  complete  instrument,  the  axis  of  the  coils 
is  a  bundl*^  of  soft  iron  wires.  These  wires  nsaally  ter- 
minate in  two  small  plates  of  soft  iron  which  thus  form 
the  ends  of  the  wire  bundle.  Around  this  bundle,  is  wound 
the  primary  coil  of  stout,  insulated,  copper  wure.  Upon 
ibe  Diimary  coil^  but  caxetuWy  m«Kx!^\»^^c^\i^N^^^^^^\!L^ 
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ttifl  secondary  coil  which  is  made  of  a  great  many  turns  ol 
Lflue,  silk  covered,  copper  wire. 

(a.)  The  wire  bundle  (if.  Fig.  288)  becomes  ma({netiied  by  the 
Ktton  of  tlie  bktteiy  currant  In  the  primary  coil  and  then  adds  iu 


fte  primai7  itedt 
The   primaiy    dl- 

(ult   is    rapidtf 
broken  and  closed 
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tetrapter  or  contact  ^^ 
breaker,  repra- 
imted  at  the  left 
bud  of  the  coil,  , 
F^.  237,  and  at  the 
right  hand  of  the 
^iifnnt  in  Big.  388.  One  of  the  posts  there  eeen  carries  an  elastic, 
motalllc,  Tibnting  plate  with  an  iron  hammer,  b,  at  its  end.  This 
huuner  vibrates  back  and  forth  between  the  end  of  the  iron  core  of 
llie  ohIs  and  the  end  of  the  metal  adjusting  screw,  d,  which  is  car- 
Tiel  by  the  other  post  seen  in  the  figure.  These  posts  are  in  the 
primary  circuit.  When 
the  Lammer  rests  against 
the  end  of  the  adjusting 
3w,  tho  circuit  m  closed 
and  llie  iron  core  is  mag. 
netized.  As  soon  as  tho 
core  is  magnetized,  it  at- 
tracts the  hammer,  thns 
drawing  it  away  from  the 
end  of  the  sen  w  and  break 
iag  the  circmt.  As  soon  as  tlie  circuit  is  broken  the  bar  is  de 
magnetized  and  the  plate,  by  virtue  of  its  elasticity  throws  the 
htmmer  back  against  the  screw,  closing  tlie  circuit  and  again  mag 
netising  the  core.  The  plate  is  thus  made  to  vibrate  inth  great 
npidity.  eadi  oscillation  making  or  breaking  the  primary  circuit  and 
CKAting  a  series  of  induced  ciirrents  in  the  secondary  coll. 

(6.)  The  eotidejuer  (C  0,  Fig.  238),  which  is  generally  placed  in 
liia  pedestal  or  base  of  the  coil,  consistx  of  a  number  of  sheets  of 
tbubil  iuaalMted  Horn  each  other  bj  thin  sheetB  o{  vbttu&liQd  Qmei 
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or  oiled  silk.  Alternate  layers  of  the  tinfoil  are  connected,  L  e., 
first,  third,  fifth,  seventh,  ete,,  layers  are  connected,  as  also  are 
second,  fourth,  sixth,  eighth,  etc.,  thus  forming  two  separate, 
sulated  series.  One  series  (e.  g.,  the  odd  numbered  sheets)  is  oofri 
nected  with  one  of  the  posts  of  the  contact  breaker ;  the  other  serio^. 
with  the  other  post.  Thus,  the  plates  of  the  condenser  do  noil 
jibrm  a  part  of  the  primary  circuit  but  are,  as  it  were,  lateral  expan* 
sions  of  that  circuit,  one  on  each  side  of  the  contact  breaker.  'The 
effect  of  the  condenser  is  to  lessen  the  spark  when  the  primaiy  m- 
cuit  is  made  or  broken  and  to  increase  the  force  of  the  discharge  of 
the  secondary  coil. 

(e.)  For  an  ordinary  RuhmkorfTs  coil,  one  to  three  Bunsen  or 
potassim  di-chromate  elements  will  suffice. 

(d.)  Most  induction  coils  are  provided  with  a  commiUator,  for  the 
purpose  of  changing  the  direction  of  the  current  through  the  primaiy 
coil  and,  consequently,  the  direction  of  the  currents  induced  in  the 
secondary  coil.  One  form  of  .the  commutator  is  shown  at  the  right 
hand  end  of  Fig.  237.     It  is  not  an  essential  part  of  the  instrument. 

Experiment  104. — Let  the  members  of  the  class  join  bare  hands. 
Let  the  pupil  at  one  end  of  the  line  place  a  finger  on  one  of  the 
binding  posts  or  electrodes  of  the  secondary  coil  of  a  small  induction 
coil.  Then  let  the  pupil  at  the  other  end  of  the  line,  momentarily 
touch  the  other  electrode.  Each  person  in  the  line  will  feel  a 
"shock."  The  experiment  should  not  be  tried  with  a  powerful  coil, 
as  the  spasmodic,  muscular  contractions  thus  produced  are  sometimes 
painful  and  permanently  injurious. 

460.  Spark  from  the  Induction  Coil, — If  the 

ends  of  the  secondary  coil  be  connected,  opposite  currents 
alternately  traverse  the  connecting  wire.  When  the  ends 
are  disconnected,  the  inverse  current  cannot  overcome  the 
resistance  of  the  intervening  air  because  of  its  low  electro- 
motive power  (§  458,  a).  TJie  direct  current,  produced 
by  hreaJcing  the  primary  circuit,  is  alone  able  to 
force  its  way  in  the  form  of  a  sparh.  The  sparks 
vary  with  the  power  of  the  instrument. 

(a.)  Mr.  Spottiswoode,  of  London,  has  made  an  inductioBi  coil,  the 
secondary  coil  of  which  contains  280  miles  of  wire  wound  in  840,000 
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.00,000  obmo,  sad,  wlian  worked  with  &  batterj  of  80  Grove  cells, 
'ielda  a  ep^rk  4S|  inehM  loiifc, — k  result  greater  than  tb&t  obt^iMble 
rom  ttaj  electric  maohlne.  The  Indaction  coil  maf  be  used  to  pro- 
Loce  mf  of  the  effeda  of  fiietionAl  electricitj,  it  being  at  the  puna 
jme  nearly  free  from  the  Utoitations  tLat  almoBpheric  iDoiBtnie 
{ilaces  npon  ordinary  eleetrio  macbinea. 

(6.)  For  manj  instmetlTe  and  beautiful  experiments  with  this  in- 
stmment  and  other  information  relatinj;  thereto,  see  the  little  book, 
"  Indaction  coils : — Sow  made  and  how  used,"  pabliahed  by  D.  Van 
tfoatiand.  New  Tork ;  Piioe,  SO  oenta. 

461.  Currents  Induced  by  Change  of  Dis- 
tance.— If  the  primary  coil  be  made  movable,  as  shown 
in  Fig.  239,  and,  vith  a  current  paesing  through  it,  be 
Eraddenl;  placed  irithin  the  sec- 
ondai;  coil,  the  galvanometer 
will  show  that  an  inverse  current 
is  induced  in  the  outer  coil. 
When  the  needle  has  come  to 
reat,  let  the  primary  coll  be  re- 
moved and  the  galvanometer 
will  show  that  a  direct  current 
m  induced.  From  this  we  see 
that  when  the  primajy  coil, 
bearing  a  ourrent,  is  brought 
near  or  thrust  into  the  sec- 
ondary coU,  an  inverse  cur- 
rent is  indueed  in  the  latter  ; 
that  when  the  coils  are  sep- 
arated, a  direct  current  is 
induced  in  the  secondary  coi 
currents  flow  while  a  change  of  distance  is  varying 
the  inductive  effect  of  the  primary  current.  Ee- 
moving  the  primary  coil  to  an  infinite  distance  is  equiva- 
lent to  brealdng  its  circuit,  as  in  g  457. 


Fig.  239. 


■  that   the  induced 
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462.   Magneto-Electric  Currents.  —  We  ban 

already  noticed  that  there  is  an  iotiniate  relation  between 
electric  aad  magoetio  action.  We  have  seen  that  an  elec- 
tric corrent  may  develop  magnetism.  Faraday  found  that 
electricitymaybe  developed  by  magneto;  the resnltsot  this 
diBCOvery  have  already  become  of  inotlcnlable  commercial 
importance.    If,  instead  of  the  primary  coil  bearing  the 


indncing  current,  a  bar  magnet  be  used,  as  shown  in  Pig. 
240,  the  effects  produced  will  be  like  those  stated  in  the 
laat  paragraph.  W%en  the  magnet  is  thrust  into  the 
interior  of  the  coil,  an  induced  currejii  wiJl  floio 
while  the  motion  of  the  magnet  continues.  WTien 
the  magnet  becomes  stationary,  the  current  eeases  to 
flow  and  the  needle  of  the  gdlvanom-eter  gradiuMy 
comes  to  rest.  W%en  the  magnet  is  tuithdraivn,  an 
induced,  current  flaws  in  the  opposite  direction. 
Ofcouige,  it  makes  no  ditteteiace  w\\afti«t  'doa^iajQ^^A 
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.  iiuiTed  toward  tihe  ooil  or  the  coil  be  moved  toward  the 
L  magnertL  The  more  rapid  the  motion,  the  greater  will  be 
\  &e  eleotromotiTe  force  of  the  indaced  cairentfi. 

463.  The  Inductive  Action  of  a  Temporary 
tlaguet. — If  within  the  coil,  a  Boft  iron  bar  (or  still 
better,  a  bundle  of  straif^ht,  soft,  iron  wires)  be  placed, 
tt  shovD  in  Fig.  241,  the  induced  current  maj  be  m'jre 


eSeotiTely  produced  bj  bringing  one  end  of  a  permanent 
magnet  near  the  end  of  the  soft  iron.  In  this  case,  the 
induced  currents  are  dne  to  the  varying  magnetiam  of  the 
soft  iron,  Qiis  magnetiBm  being  due,  in  turn,  to  the  in- 
dnctive  inflnenoe  of  the  permanent  magnet.  Thus  we 
see  that  when  the  intensity  of  the  magnetism  of  a 
bar  of  iron  or  steel  is  increased  or  diminished, 
euirrenta  are  induced  in  the  neighboring  coil. 
Similar  effects  may  be  produced  by  moving  one  pole  of 
the  magnet  naross  the  face  of  the  coil  from  end  to  ^ud. 
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464.  The  Wheel  Armature.— Imagiue  the  boA  i 

iron  bar  in  the  helix  of  Fig,  241  to  be  grooTed  and  serenJ  L 
times  as  long  as  the  helix  through  which  it  passes.    Xnu^.  L 
ine  the  ends  of  this  bar  to  be  brought  together  bo  as  to  f 
form  a  complete  ina  I 
ring  carrying  one  heiix  \ 
If  the  number  of  helica 
upon    the   ring  be  i 
creased    to    twelve   we 
shall    have    the    wheel     j 
armature,  shown,  in  an 
nnSnished  condition,  in 
Fig.   242.      If  the  pole    - 
of  a  magnet  be  paseed 
aroand  the  face  of  this 
wheel,  it  will  pass  twelve 
coils  of  wire  and  induce 
a  current  of  electricity  as  it  approaches  each  coil  and  an 
opposite   ourrent  as  it  leaves  each   coil,  thus  inducing 
twenty-four  currents  for  each  revolution.     Of  course,  it 
makes  no  difference  whether  the  magnet  be  permanent  or 
temporary,  whether  the  pole  of  the  magnet  moves  by  the 
coil  or  the  coil  passes  by  the  pole  of  the  magneL    Then,  if 
the  magnet  be  fixed  and  the  wheel  turn  upon  its  axis  in 
such  a  way  as  to  carry  its  coils  across  the  end  of   the 
magnet,  we  shall   be  inducing  twenty-four  currents  of 
electricity  for  each  revolution  of  the  wheeL     This  is  what 
happens  in  the  operation  of  a  dynamo-electric  machine. 
When  a  closed  circuit  conductor  moves  in  a  mag- 
netie  field  so  as  to  cut  across  the  lines  of  Tnagnetic 
force  {§  433),  an  induced  current  of  electricity  fi^w$ 
'■  the  eondtbotor  in  one   d,lrectunv  vilnAlU  Ut* 
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wnduetor  is  approaching  the  point  of  greatest 
nagnetio  intensity  and  in  the  opposite  direction 
while  the  conductor  is  moving  away  from  such 
point  of  maximuTn  intensity.  The  varying  magnetio 
intensity  of  the  iroD  core  of  each  moTing  coil  inoreasee 
this  effect  as  explained  in  g  463.  Of  course,  tlie  numbei 
of  coils  on  the  armature  may  be  more  or  less  than  twelve, 
or  the  armature  may  be  of  a  form  almoBt  wholly  different 
from  that  jnst  described,  bnt,  in  every  case,  the  principle 
of  its  addon  is  as  above  stated.  The  dynamo  represented 
in  Fig,  343  has  only  eight  amoatnre  helices  and  diatnetric* 
lUy  opposite  coils  are  joined  so  as  to  form  four  pairs. 


Fig.  243. 

465.    Dynamo- Electric    Machines. —In    the 

Bmsh  dynamo-electric  machine,  represented  Id  Fig.  343,  a 
shaft  runs  through  the  machine  from  end  to  end,  carrying 
a  pulley,  P,  at  cue  end,  a  commutator,  c,  at  the  other, 
and  a  wheel  armature,  R,  at  the  middle.  The  armature, 
^  cMTiiee  eight  or  more  helices  of  iasaYa^M.  ^\t«,  K  U. 
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As  the  shaft  is  turned  by  the  belt  acting  upon  P,  22  and 
c  are  turned  with  it.  As  R  turns  around^  it  carries  the 
eight  coils,  H  Hy  rapidly  across  the  poles  of  the  four 
powerful  field  magnets,  M  M, 

As  each  coil  passes  each  pole,  it  necessarily  tror 
verses  the  magnetic  field  and  cuts  a^cross  the  linet 
of  magnetic  force;  consequently,  currents  are  Uir 
duced  in  the  coil.  These  currents  are  carried  on  insu- 
lated wires  to  the  commutator  rings,  c  c,  where  they  aw 
united  in  such  a  way  as  all  to  flow  in  the  same  direction, 
/orming  a  continuous  current.  The  electricity  is  taken 
from  the  revolving  commutator,  c  c,  by  the  four  or  more 
fixed,  copper  plates,  i  i,  technically  called  "  brushes,"  then 
carried  down  the  flexible  copper  strips,  s  s,  then  passed 
through  the  insulated  wire  of  the  electro-magnets,  M  M, 
and,  finally,  to  the  +  binding  post.  Thence  the  current 
passes  by  a  wire  to  the  external  circuit,  e,  g.,  to  an  arc 
lamp  (Fig.  246)  and  from  this  to  a  second  lamp,  and  so  on 
through  all  of  the  lamps  of  the  circuit  and  from  the  last 
lamp  back  to  the  —  binding  post  of  the  dynamo-electric 
machine,  thus  making  the  circuit  complete.  Sixty  or 
more  arc  lamps  in  series  may  be  worked  by  one  of  these 
machines.  No  part  of  the  circuit  of  a  dynamo  should 
have  an  earth  connection.  The  complete  circuit  (except 
through  the  lamp  carbons)  should  be  of  carefully  insu- 
lated wire. 

Dynamo-electric  machines  are  being  rapidly  introduced 
for  purposes  of  electric  lighting,  electro-plating,  motive 
power,  telegraphy,  etc.  They  are  made  in  various  forms, 
but  the  principle  underlying  the  action  of  them  all  is  the 
same  as  that  stated  in  the  last  paragraph.  After  master- 
ing the  action  of  one  dynamo-electric  machine  the  papil 
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wlH  h«Ye  little  trouble  in  understanding  the  action  of  any 
other  that  he  may  have  a  chance  to  examine.  Dynamo* 
electric  machines  are  often  called  '^  dynamos.'^  A  small^ 
hand  power  dynamo^  suitable  for  school  use,  may  be  had 
for  130  or  more.  , 

(a.)  In  cases  where  a  high  E.  M.  F.  is  needed  (as  in  arc  electric 
lighting),  tbe  armatme  helices  are  wound  with  many  turns  of  wire 
which  gives  a  high  Internal  resistance.  Compare  §  899.  When  a 
smaller  E.  M.  F.  is  wanted  (as  in  direct,  incandescence  electric  light- 
ing or  in  electro-plating),  fewer  turns  of  wire  of  greater  diameter 
are  used.  This  reduces  tLe  internal  resistance  of  the  dynamo. 
Compare  §  400.  The  R  M.  F.  will  vary  with  the  strength  of  the 
magnetic  field  and  the  si>ee(V  at  which  the  armature  is  revolved. 
Thus,  a  given  dynamo  may  be  run  slowly  for  a  few  lamps  and  at  a 
higher  speed  for  a  greater  numfx^r  of  lamps.  In  practice,  however, 
special  automatic  devices  are  grnerally  provided  for  adapting  the 
E.  M.  F.  to  the  varying  resistances  of  the  external  circuit  without 
changing  the  speed  of  the  dynamo. 

(&.)  If  permanent  magnets  are  used  instead  of  e]ectro-magnets, 
the  machine  is  called  a  magneto-eUoiric  instead  of  a  dynamo-electric 
machine.  Small  magnetos  (armatures  wound  with  long,  thin  wirer) 
are  much  used  for  electro-medical  purposes.  The  patient  holds  two 
metallic  handles  connected  with  the  terminals  of  the  instrument 
and  receives  a  rapid  succession  of  shocks  when  the  armature  is 
turned. 

(c.)  If,  instead  of  expending  mechanical  energy  to  turn  the  shaft 
of  the  dynamo  and  thus  produce  an  electric  current,  we  pass  a  strong 
current  of  electricity  through  the  dynamo,  the  shaft  of  the  dynamo 
will  be  turned  in  the  opposite  direction  and  may  be  made  to  drive 
ordinary  machinery  as  an  electric  motor.  In  the  former  case,  we 
convert  mechanical  energy  into  electric  energy  ;  in  the  latter  case, 
we  convert  electric  energy  into  mechanical  energy  (§  473). 


466.  Incandescence  Electric  Lamps.— When 

a  conductor  of  high  resistance  is  heated  to  incandescence 
by  the  passage  of  a  current,  we  have  an  illustration  of  the 
fandamental  principle  of  incandescence  electric  light- 
ing-    To  prevent  the  fusion  of  the  conductor,  a  carbon 
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fflament,  about  the  size  of  a  horse-hair,  is  used — carbon 
never  having  been  melted.    To  prevent  the  combnation  of  , 
the  carbou  filament,  it  is  enclosed 


a  high  vacuum  ovonly  some  inert 
gas,  incapable  of  acting  chemio- 
ally  upon  the  carbon  at  even  the 
high  temperature  to  which  it  is 
to  be  subjected.  The  ends  of  the 
carbon  are  connected  with  plat> 
inum  wires  that  are  fused  into 
and  paased  through  the  glass. 

(a.)  The  filament  ie  carbonized  u 

different    ways   aud    given    difierent 

shapes    bf  different  inventors.     The 

EdiBon  carbon  is  made  of  bamboo  fibre 

and  is  in  the  shape  of  an  ordinary  hair 

pin.     The  Swan  carbon  is  made  d 

parchnientized    cotton    thread.      Elg 

244  represents  the  Swan  incandescence 

lamp  and  is  half  the  actual  size  of  the 

standard  sixteen  candle  power  lamp. 

Incandescence     lamps    are    generally 

Fig,   244.  operated  abreast,  ae  shown  in  Fig.  845 

•  being    placed,    as    it    were,  in    littls 

bridges  of  wire  connecting  the  two  condnctcr  "mains."    Thna,  tAt 

retittanee  of  the  circuit  is  reduced  by  the  mecMtioe  addition  of  lampt. 

(b.)  The   resistance  of   carbon   Is 
lowered  by  heating  the  conductor.       j,  , 

The  "hot"  resistance  of  an  incau-  I      I      1      I     I      T    ~* 

desoence  lamp  is  about  J  ila  •'  cold"  0  0  0  00  0 

reeiBtance.  — 1    mK      — '—'—* 

Fig.  245. 
467.  The  Voltaic  Arc.— 
The  most  brilliant  luminous  effect  of  current  electricity  is 
the  arc  of  an  electric  lamp.     This  lamp  consists  essentially 
of  two  pomted  bars  ol  hard  coibou,  ^tiOTaa^  tys^^Kt  i»»fa&. 


nmnoxD  xlxotbicitt. 


84A 


iment  78),  placed  end  to  end  id  the  circnit  of  a 
:ol  carreat.    If  the  ends  of  the  carboas  be  eeparated 
b  distimce  while 
rrent  is  passing,  ™"  """^  m-ktr.c  ump. 


Fig.  346. 


a  in  the  upper 
of  Fig.  246,  is  for 
purpose  of  auto- 
»lly  separating  the  carbons  and  "feeding"  them 
her  as  they  are  burned  away  at  their  tips  and  for  the 
080  of  cotting  the  lamp  out  of  the  circuit  in  case  of 
rregnlarity  or  accident.  Such  lamps  of  from  one  to 
jionsand  candle  power  and  requiring  an  expenditure, 
■a  dynamo,  ot  about  one-horse  povec  per  \aiiv^  «3ft 


U6 
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BOW  qnitfl  oommoD.  Lamps  of  a  bnudred  thonsui 
die  power  have  been  made.  The  oarrent  may  be  for; 
by  a  battery  of  forty  or  more  Grove's  cells  but,  fo 
nomical  reaeooB,  it  ia  abnoat  aniTersally  supplied  by 
naiDo-electric  machine. 


{a.)  It  is  neceeaar;  to  bring  the  carbouB  Into  contact  to  ab 
dgbt.  The  tips  of  the  c&rboua  become  InteiiMlf  heftt«d  oa  ■ 
of  their  small  area  of  contact  and  the  cooBeqaeut  high  redett 
that  point.  The  carbon  (and  Its  nanal  copper  coating)  tiej 
volatUixe.  When  the  carbons  are  aepaiated,  the  carrent  Is  k 
tf  this  intervening  ityer  of  vapor  and  the  Bccompaujing 
legrated  matter,  which  act  as  a  coudactot.  Arc  lamps  are  ge 
operated  in  eeriea,  ao  tl 
cnrreiit  passes  in  sue 
tDTOOgh  all  the  lamps 
drcnit.  The  Tendance 
dreuU  i»  thus  increaaed 
atieees»ne  addition  oflam;^ 

{b.)  The   constitution 
voltaic  arc  may  be  stnd 
projecting  its  Image  on  a 
vith  a  lens.     Three  pai 
be  noticed : 

1.  The   daiilln^   whit 
cave   extremity 
positive  carbon. 

2.  The  lees  brilliant  an 
pointed  tip  of  thi 
tive  carbon. 

8.  The  globe  aliaped  an 
tifnlly  colored 
surroundiDg  the  ' 
(fi.)  There  ia  a  transfer 
ter  across  the  arc  in  thf 
tiou  of  the  cDitent,  the  ] 
carina  wasHntr  away  moi 
tnice  as  nqjidlj'  as  tlie  nc 
Most  of  the  light  of  the  1 
radiated  from  the  crater  at  the  end  of  the  positive  carbon, 
are  be  too  short,  many  of  these  rays  will  be  Interoepted  by  th. 
tffcftaiteially  thBtoww)Qiaftiaa.<toa\wiw^t'inB'»ii«B! 


Fig.  a47- 
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lunp.  If  the  arc  become  too  long,  it  will  "flame"  and  mach  oi 
ihe  light  thus  be  lost.  If  the  electrodes  be  horizontal,  the  arc  will 
be  carved  upward  by  ascending  air  currents.  Arc  lamps  are  now 
largely  used  for  lighting  streets,  factories,  stores,  etc.,  many  thou- 
sands  having  been  sold  in  every  quarter  of  the  globe  (§  407). 

468.  The  Telephonic  Current. — ^An  electric  cur- 
rent may  be  induced  in  a  coil  of  insulated  wire  surround- 
ing a  bar  magnet  by  the 
approach  and  withdrawal 
of  a  disc  of  soft  iron.  The 
disc,  a  (Fig.  248),  is  mag- 
netized by  the  inductive  ^iq  248 
influence  of  the  magnet,  m, 
(§  435).  The  disc,  thus  magnetized,  reacts  upon  the 
magnet,  m,  and  changes  the  distribution  of  magnetism 
therein.  By  varying  the  distance  between  a  and  m,  the 
successive  changes  in  the  distribution  of  the  magnetism  of 
m  induce  to-and-fro  currents  in  the  surrounding  coil 
(§  463).  When  a  approaches  w,  a  current  flows  in  one 
direction ;  when  it  recedes,  the  current  flows  in  the  oppo- 
site direction. 

469.  The  Telephonic  Circuit.— If  the  wire  sur- 
rounding the  magnet  mentioned  in  the  last  paragraph  be 
continued  to  a  distance  and  then  wound  around  a  second 
bar  magnet,  as  shown  in  Fig.  249,  the  currents  induced  at 
M  would  affect  the  magnetism  of  the  bar  at  M'  or  the  in- 
tensity of  its  attraction  for  the  neighboring  disc,  a'.  A 
vibratory  motion  in  the  disc,  a,  would  induce  electric 
currents  at  M\  these  currents,  when  transmitted  to  My 
perhaps  several  miles  distant,  would  affect  the  magnetism 
oi  ihe  bar  there  and  tend  to  produce  exactly  similar  yibra- 
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tions  in  a\     ^^It  is  as  if  the  close  approach  and  quick 
oscillation  of  the  piece  of  sofb  iron  fretted  or  tantalized 
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Fi6.  249. 

the  magnet  and  sent  a  series  of  electrical  shudders  through 
the  iron  nerve/'  When  the  current  generated  at  M  flows 
in  such  a  direction  as  to  reinforce  the  magnet  at  M\  the 
latter  attracts  a'  more  strongly  than  it  did  before.  When 
the  current  flows  in  the  opposite  direction,  it  weakens  the 
magnetism  of  M\  which  then  attracts  a*  less.  The  disc, 
therefore,  flies  back.  Thus,  the  vibrations  of  a'  are  like 
those  of  a. 

{(i.)  We  have  here  the  principle  of  the  telephone,  so  fiir  as  electric 
action  is  involved.  Farther  consideration  of  this  instrament  must 
be  deferred  until  we  have  learned  more  concerning  sound.  (Set 
§505.) 
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Fig.  250. 


1.  A  dynamo  is  feeding  16  arc  lamps,  the  average  resistance  oi 
each  of  which  is  456  ohms.  The  internal  resistance  of  the  dynamo 
(ie.,  of  the  wire  conductors  of  the  armature  and  field  magnets)  is 
10.55  ohms.  What  current  does  the  dynamo  yield  with  an  E.  M.  F. 
«f  838. 44  volts?  Ans,  10.04  amperes. 

2.  If  a  wire  about  18  inches  l(mg  he 
iittftched  to  one  electrode  of  a  potassium 
dichromate  cell  and  the  other  electrode 
momentarily  touched  with  the  other  end 
of  the  wire,  a  minute  spark  may  be 
noticed  at  the  instant  of  breaking  the  cir- 
cuit. If  the  wire  be  bent  into  a  scalari- 
fomi  or  ladder  like  shape  and  the  experiment  repeated,  the  spark  will 
be  greater  than  before.  If  the  form  of  the  external  circuit  be  again 
changed  by  winding  the  wire  into  a  spiral  (as  shown  in  Fig.  250),  the 
spark  will  be  still  greater.   Explain  the  repeated  increase  in  the  spark. 

8.  A  dynamo  is  run  at  460  revolutions,  developing  a  current  of 
9.925  amperes.    This  current  deflects  the  needle  of  a  tangent  gal- 
Taoometer,  60®.    (See  Appendix  L.)    When  the  speed  of  the  dynamo 
is  sufficiently  increased,  the  galvanometer  shows  a  deflection  of  74® 
What  is  the  current  developed  at  the  higher  speed  ? 

Ans.  20  amperes. 

i  The  current  running  through  the  carbon  filament  of  an  incan- 
dflscence  lamp  was  found  to  be  1  ampere.  The  difference  of  poten- 
tial between  the  two  terminals  of  the  lamp  was  found  to  be  80  volta 
What  was  the  resistance  of  the  lamp  ? 

5.  A  yard  of  silver  wire  weighs  7.2  grains  and  has  a  resistance  of 
0.3  ohm.  What  is  the  resistance  of  a  foot  of  silver  wire  that  weighs 
one  grain?  Ans,  0.24  ohm. 

6.  If  a  pure  copper  wire  has  a  weight  of  one  grain  and  a  resistance 
of  0.2106  ohms  per  foot  and  a  commercial  copper  wire  has  a  weight 
of  164  grains  and  a  resistance  of  0.547  obms  per  20  ft.,  what  is  the 
percentage  conductivity  of  the  latter  as  compared  with  pure  copper? 

Ana,  93.9  per  cent. 

7.  I  want  to  place,  in  series,  10  incandescence  lamps,  each  of  25 
ohms  resistance ;  the  line  wire  is  to  be  200  feet  long  and  must  have 
not  more  than  2  per  cent,  of  the  resistance  of  the  lamps.  Determine 
flmn  the  table  in  Appendix  I  what  size  of  wire  (American  gauge) 
should  be  ueed  Ans,  No.  23. 
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8.  I  wint  to  i^aee  the  Bune  lamps  abreast.    The  line  wire  is 
200  feet  long  and  have  a  resistance  of  not  nnne  than  2  per  cent 
of  the  lamps.    Determine  from  the  table  what  mxe  wire  should 
nsed.  Am.  Na4(B.&&] 

9.  What  length  of  No.  0000  pore  copper  wire  (B.  &  S.)  will  \ix 
resistance  of  1  ohm?    (See  Appendix  L)  Am.  19607.84ft. 

10.  A  dynamo  has  an  K  IL  F.  of  206  Yolts  and  an  internal  (or 
terpolar)  resistance  of  1.6  ohms.    Find  the  current  strength 
the  external  resistance  is  25.4  ohms.  Aru.  7.6  amperes. 

11.  A  dynamo  has  an  internal  resistance  of  2.8  ohms.    The 
wire  has  a  resistance  of  1.1  ohms  and  joins  the  dynamo  to  3  arc  lam] 
in  series,  each  lamp  having  a  reostance  3.12  ohms.    Under  s 
conditions,  the  dynamo  develops  a  current  of  148  amperes, 
is  the  E.  M.  F.  ?  Am.  196.25  volts. 

12.  A  dynamo,  run  at  a  certain  speed,  gives  an  £.  M.  F.  of 
volts.  It  has  an  internal  resistance  of  0.5  ohm.  In  the  external 
circuit  are  3  arc  lamps  in  series,  each  having  a  resistance  of  2.5  ohms. 
The  Hne  wire  has  a  resistance  of  0.5  ohm.  I  want  a  current  of  jiisl 
25  ampere&    Must  I  increase  or  lessen  the  speed  of  dynamo  ? 

13.  With  an  external  resistance  of  1.14  ohms,  a  dynamo  develops  a 
current  of  81.58  volts  and  29.67  amperes.  What  is  the  internal  re- 
sistance of  the  dynamo?  Ans,  1.61  ohms. 

14.  Upon  trial,  it  was  found  that  a  dynamo  tkit  was  known  to 
have  an  internal  resistance  of  4.58  ohms  developed  a  current  of  157.5 
volts  and  17.5  amperes.  Wliat  was  the  resistance  of  the  external 
circuit  ?  Ans,  442  ohms. 

15.  Three  incandescence  lamps  having  a  resistance  of  39.3  ohms 
each  (when  hot)  were  placed  in  series.  The  total  resistance  of  the 
circuit  outside  of  the  lamps  was  11.2  ohms.  The  current  measured 
1.2  amperes.    What  was  the  E.  M.  F.  ?  Ans,  15492  volts. 

16.  The  same  lamps  were  placed  in  multiple  arc  with  another 
dynamo.  The  line  wire  was  adjusted  so  that  its  resistance  with  the 
internal  resistance  of  the  machine  was  11.2  ohms  as  before.  The 
current  was  1.2  amperes.     What  was  the  E.  M.  F.? 

Am,  29.16  volts. 

17.  A  dynamo  supplies  current  for  two  incandescence  lamps  in 
series,  each  having  a  hot  resistance  of  97  ohms.  The  other  resist- 
ances of  the  circuit  amounted  to  12  ohms.  The  current  in  the  first 
lamp  was  1  ampere.  What  was  the  current  carried  by  the  carbon 
filament  of  the  second  lamp  ?    What  was  the  E.  M.  F.  ? 

18.  The  resistance  of  the  normal  arc  of  an  electric  lamp  is  8.8 
ohms.  The  current  strength  is  10  amperes.  What  is  the  differenot 
of  potential  between  the  carbon  tips.  A-na,  W  volta. 
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19.  The  reristanoe  of  the  arc  lamp  above  mentioned,  when  the 
carbons  are  held  together,  is  0.62  ohm.  When  it  is  burning  with 
normal  arc  and  a  10  ampere  current,  what  is  the  difference  of  poten- 
tial between  the  terminals  of  the  lamp  ?  An»,  44.2  volts. 

HONOBABY  PBOBLEHS. 

dO.  Four  arc  lamps,  with  a  resistance  of  6  ohms  each,  are  joined 
in  series,  150  feet  apart.  The  first  lamp  is  1,500  feet  and  the  last 
is  1,350  feet  from  the  dynamo.  The  line  wire  has  a  conductivity 
of  96  per  cent,  that  of  pure  copper.  Its  resistance  must  not  exceed 
8  per  cent,  of  that  of  the  lamps.  The  resistance  of  a  foot  of  pure 
copper  wire  1  mil  in  diameter  being  9.04  ohms,  what  must  be  the 
diameter  of  the  line  wire  ?  Arts.  133  mils  or  0.133  inch. 

Use  No.  10  wire,  B.  W.  G.  (A  pp.  I). 

21.  Twenty-five  similar  voltaic  cells  having  an  internal  resistance 
of  15  ohms  each  were  joined  in  series,  by  short  and  stout  copper 
wires  to  a  70  ohms  incandescence  lamp  and  produced  a  current  of 
0.112  ampere.  What  would  be  the  strength  of  the  current  sent  by 
a  series  of  80  such  cells  through  a  series  of  2  lamps,  each  of  30  ohms 
resistance  ?  ^  ri^.  0. 1 1 8  ampere. 

22.  What  would  have  been  the  strength  of  current  through  the 
two  lamps  if  ^e  area  of  each  of  the  battery  plates  had  been  doubled, 
all  things  else  remaining  the  same  ?  An8,  0.2105  ampere. 

23.  I  join  50  arc  lamps  in  series.  Each  lamp  has  a  resistance  of 
4.5  ohms.  The  line  wire  connecting  them  with  the  dynamo  is  3^ 
miles  long  and  its  conductivity  is  90  per  cent,  that  of  pure  copper. 
One  tenth  of  the  total  energy  of  the  external  circuit  is  lost  in  heat- 
ing this  line  wire.  What  is  its  diameter,  it  beinpf  assumed  that  1  foot 
of  pure  copper  wire.  1  mil  in  diameter  has  a  resistance  of  9.94  ohms. 

Arts,  90.3  mils. 
Use  No.  11  wire  (B.  &  S.) 
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Recapitulation. — To  be  amplified  by  the  pupil  foi 
review. 
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RUHMKORFF.  J 
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ELECIT^IC    CURRENTS    AS    REUTED    TO    HEAT 
AND    MECHANICAL   WORK. 

470.   The   Convertibility   of  Electric    En- 
ergy.— Whenever  an  electric  currebt  does  work  of  any 
kind,  it  does  it  at  the  expense  of  a  part  of  its  own  energy. 
Anything  that  increases  the  resistance  of  a  circuit,  decreases 
the  strength  of  the  current  (§  386).     But  such  a  diminu- 
tion may  be  caused  by  a  counter  electromotive  force  set  up 
somewhere  in  the  circuit.    The  E.  M.  F.  of  polarizatioE 
is  an  example  of  the  truth  under  consideration.     When- 
ever a  current  is  used  to  drive  an  electric  motor,  the  action 
of  the  motor  generates  a  back  current  that  diminishes  the 
current  of  the  battery  or  dynamo.     All  of  the  current 
that  is  not  expended  in  some  such  way,  in  exter- 
nal work,  is  dissipated  as  heat.    The  dissipation  may 
be  in  the  battery  (or  dynamo),  in  the  external  circuit  or 
in  both.    The  heat  will  appear  wherever  there  is  resistance. 
If  the  poles  of  a  battery  or  dynamo  be  short  circuited,  most 
of  the  heat  will  be  developed  in  the  battery  or  dynamo. 
If  the  external  circuit  be  a  thin  wire  of  high  resistance,  it 
will  grow  hot  while  the  generator  will  remain  compara- 
tively  eooL 
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471.  Joule's  Law.— The  quantity  of  heat  developa 
in  a  conductor  hy  the  passage  of  an  electric  CDrrent 
proportional : — 

(1.)  To  the  resistaDee  of  the  conductor. 

(2.)  To  the  square  of  tlie  streogtb  of  the  current         ' 

(3.)  To  the  time  the  current  ia  flowing. 

A  cnrrent  of  one  ampere  flowing  through  a  resistance 
of  one  ohm,  develops  therein,  per  second,  a  quantity  of  beit 
which  {or  its  mechanical  equivalent)  is  called  a  Joule.  Itia 
equal  to  0.7373of  afoot-poandorto0.34of  alesseroaloiift 
(§  579).    A  lesser  caloric  is,  therefore,  equal  to  4.17  joiilea. 

These  facts  are  concisely  stated  by  the  following  equa- 
tion, known  as  Joule's  Iaw: — 

H^C*Rt  xO.24, 
in  which  ^represents  the  number  of  lesser  calories;  C,  the 
nnmber  of  amperes;  R,  the  number  of  ohms  saA.  t,  the 
number  of  seconds.  In  other  words,  a  current  of  ont 
ampere  flowing  through  a  resistance  of  one  ohm 
develops  therein  0.^4  of  «  Cesser  calorie  per  second 
Footpounds  =  C*Rt  x  0.737335. 

(a.)  In  investigating  thia  Babjed 
Joale  used  iuBtruineiits  on  the  prin 
dpie  Indicated  in  Fig.  251,  in  wUcI 
a  tliin  nire  joioed  to  two  Btont  eon 
ductoro  is  encloeed  within  a  glu 
vessel  containing  alcohol,  into  whicl 
a  thenuometer  dips.  The  resist 
ance  of  the  wire  being  known,  It 
rGlatioD  to  the  other  leaistances  ma; 
be  calculated. 

Experiment  105. — Send  the  cm 

from  a   few  cells   through  . 

chain   made  of   attemate   links  o 


Fig.  2S. 


aUv^  and  platinum  wires.    Tbe  ^^e&mvoiv  Vu&a  ^oii  i«A.-\aA^Vi.Vl 
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[^  the  diver  links  remain  oomparatively  cool.    The  explanation  is  that 
L  the  specific  resistance  (Appendix  E,  [3])  of  platinum  is  about  six 

times  that  of  silver  and  that  its  specific  heat  is  about  half  as  great ; 

hence  the  rise  of  temperature  in  wires  of  equal  thidiness  traversed 

b]r  the  some  corrent  is  about  twelve  times  as  great  for  platinum  as 

for  silver. 

473.  Heating:  Wires  by  tlie  Current,  —  The 

resistance  of  metals  increases  with  the  temperature.  Con- 
sequently, a  thin  wire  heated  by  the  current  will  resist 
more  and  more  and  grow  hotter  and  hotter  until  it 
loses  heat  by  conduction  and  radiation  into  the  surround- 
ing air  as  rapidly  as  heat  is  supplied  by  the  current 
Thin  wires  heat  TYViuch  more  rapidly  than  thick. 
The  rise  of  temperature  in  different  parts  of  a 
wire  of  uniform  material  hut  varying  diameter 
{the  current  remaining  the  same)  will  he  in- 
versely  proportional  to  the  fourth  power  of  the 
diameters. 

(a.)  Suppose  a  wire  at  any  point  to  become  reduced  to  Tudf  its 
diameter.  The  cross-section  will  have  an  area  \  as  great  as  in  the 
thicker  part.  The  resistance  here  will  be  4  times  as  great,  and  the 
number  of  heat  units  developed  will  be  4  times  as  great  as  in  an 
equal  length  of  the  thicker  wire.  But  4  times  the  amount  of  heat 
spent  on  \  the  amount  of  metal  will  warm  it  to  a  degree  16  times  as 
great  (16  =  2*). 

(&.)  A  thin  platinum  wire,  heated  white-hot  by  a  current,  is  some- 
times  used  in  surgery,  instead  of  a  knife,  as  it  sears  the  ends  of  the 
severed  blood  vessels  and  thus  prevents  hemorrhage.  Platinum  is 
chosen  on  account  of  its  infusibility,  but  even  platinum  wires  are 
fused  by  too  strong  a  current.  Carbon  is  the  only  conductor  that 
resists  a^  attempts  at  fusion  (§  466). 

ic.)  Sometimes  stout  conducting  wires  are  laid  from  a  battery  at  a 
lafe  distance  to  a  fuse  connected  with  a  blast  of  powder  or  other  ex° 
plosive.  In  the  fuse^  is  a  thin  platinum  wire,  forming  part  of  the 
electric  drcuit.  The  fuse  is  ignited  by  heating  the  platinum  wire 
by  sending  the  current  through  it.  Such  methods  are  frequently 
offed  in  the  opentiona  of  both  peace  and  wax. 
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473.  Electric  Motors. — J.n  electric  motor  is  4 
device  for  converting  the  energy  of  an  electric  cur» 
rent  into  motive  power  by  means  of  electro-magnets, 
niustrative  apparatus  of  this  kind  may  be  found  in  many 
school  laboratories  or  will  be  gladly  supplied  by  dealers  in 

■ 

philosophical  apparatus.  But  the  best  electric  motors  are  the  '.. 
now  common  dynamo  electric  machines  or  slight  modifica- 
tions thereof.  Such  "electro-magnetic  engines "  are  rap- 
idly coming  into  use  for  operating  sewing  machines  and 
other  light  machinery,  the  current  being  supplied  indirectly 
by  a  storage  battery  or  directly  by  a  voltaic  battery  or 
dynamo.  Some  "Electric  Light  and  Power  Companies" 
now  run  such  motors  on  their  arc  light  circuits,  selling 
current  to  some  for  power  and  to  others  for  light.  In 
many  cases  where  it  is  undesirable  to  use  a  steam  engine, 
an  electric  motor  may  be  made  available.  Such  motors, 
up  to  the  capacity  of  40  H.  P.,  are  now  in  the  market 
Some  of  them  have  been  successfully  and  economically 
used  in  propelling  street  railway  cars. 

474.  Electric  Transmission   of  Power.  -A 

water  fall,  perhaps  at  a  point  not  easily  accessible,  may  be 
made  to  turn  a  turbine  or  other  water  wheel,  which  shall 
drive  a  dynamo,  which  shall  generate  a  current,  which 
shall  be  carried  by  wire  to  some  available  point  and  there 
converted  into  mechanical  power  again  by  means  of  an 
electric  motor.  Thus,  an  otherwise  waste  water-power 
may  be  made  a  source  of  profit.  The  scheme  of  thus  dis- 
tributing part  of  the  power  of  Niagara  over  the  State  of 
New  TorK  has  been  seriously  considered.  It  may  be  pos- 
sible (as  a  profitable  commercial  undertaking)  to  burtt 
cheap  fuel  at  the  coal  mvm  iot  xuxLm^^\ax^^\aSG^wi3Nri 
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engines  and  thus  deliver  the  power  to  consumers  at  great 
distances. 

475.  The  Watt, — The  electric  unit  of  power  (rate 
of  doing  work)  is  called  a  watt.  A  watt  is  the  amount 
of  power  conveyed  by  a  current  of  one  ampere 
through  a  difference  of  potential  qf  one  volt.  It 
equals  (10~*  x  10®  =)  10''  ergs  or  yH ^^^^^"P^^®^* 

Tr=C7xJE  =  ^=a«i?, 

in  which  W  equals  the  number  of  watts;  Cf  the  number 
of  amperes ;  JS,  the  number  of  volts  and  E,  the  number 
of  ohms. 

For  example^  if  the  difference  of  potential  (Appendix  M, 
[4  a.])  between  the  terminals  of  an  arc  lamp  that  is  sup- 
plied with  a  ten  ampere  current  be  45.8  volts,  how  much 
of  the  power  used  in  driving  the  dynamo  is  consumed  in 
the  lamp  ? 

ir=Cx^=10x  45.8  =  458,  the  number  of  watts. 
458  -T-  746  =  0.614,  the  number  of  horse-powers. 

(a.)  The  formala  W=  G  x  E  is  determined  by  the  definition  of 

W 
the  watt.    From  Ohm's  law,  we  see  that  0  =  —.     Substituting  this 

M 

Value  of  G,  the  formula  becomes  Tr=  —  x  ^=-— ,as  above.    This 

B  B 

shows  that  ths  power  va/riea  as  the  squwre  of  tTie  E.  M,  F,  when  the 

resistance  remains  constant,  or  that  the  power  varies  iiwersdy  as  the 

resistance  when  the  E,  M,  F.  remains  constant. 

(&.)  W=:Gx  E.    Bni  E=GB.    Substituting  this  value  of  E, 

the  formula  becomes  W=G  x  GB=G^B,bs  above.    This  shows 

that  the  potoer  varies  as  the  squa/re  of  the  current  when  the  resistance 

remains  constant  or  that  the  power  va/ries  as  the  resistance  token  the 

current  remains  eonstamt. 
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476.  Relation  of  Conductors  to  E.  M.  F.- 

This  subject  may  be  well  studied  by  means  of  an  example. 
The  energy  of  a  ten  ampere  current  with  an  E.  M.  F.  of 
fifty  volts  is  equal  to  that  of  a  five  ampere  current  with 
an  E.  M.  F.  of  one  hundred  volts.  = 

W=  C  X  ^=  10  X  50  =  100  X  5  =  500. 

These  equivalent  currents  (500  watts  each)^  flowing  through 
similar  wires,  will  develop  widely  different  quantities  of 
heat  If  we  take  any  convenient  wire,  say  one  of  fifteen 
ohms,  the  heat  developed  in  each  case  will  be  as  follows: 

Hz=zC^  xBtx  0.24.    (§  471.) 

10*  X 15  X  0.24=360,  the  number  of  heat  units  j^er  second. 
5»x  15x0.24=  90,  «  a  u  u 

In  other  words,  the  same  electric  energy  develops  only 
one-fourth  as  much  heat  with  the  current  of  high  electro- 
motive force  as  it  does  with  the  current  of  low  E.  M.  F., 
the  same  wire  being  used.  It  is  easily  evident  that  a  great 
saving  in  the  cost  of  conductors  may  be  made  possible  by 
the  use  of  currents  of  high  E  M.  F.  (See  §  474.)  But 
such  currents  are  more  dangerous  to  handle  and  require 
careful  insulation  and  special  precautions  to  lessen  tho 
risk  of  serious  fi^deut 
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EXEBOISJBS. 


1  What  shorter  name  may  be  given  for  a  volt-ampere  7 

3.  What  electrical  horse-power  is  required  to  send  a  current  of  10 
'•mperes  through  10  arc  lamps  (in  series)  each  having  a  resistance  ol 
4476  ohms  ?  Ans.  6  H.  P. 

8.  How  many  joules  will  be  developed  per  minute  by  a  10  ampere 
canent  in  a  lamp  of  4.42  ohms  resistance  ?         Ans,  2^20  joules. 

4.  How  many  calories  will  be  developed  in  a  40  ohm  incandescence 
faunp  by  the  passage  of  a  current  of  4.2  amperes  through  it  for  a 
niinate?  Ans,  0.82944  calories. 

5.  Find  the  mechanical  equivalent  (in  foot-pounds)  of  the  work 
done  by  a  6  ampere  current  working  for  a  minute  against  100  ohmp 
Jwistance?  Ans.  110600}  foot-po»intl8- 

6.  A  30,000  watt  dynamo  develops  an  E.  M.  F.  of  3000  voli& 
^'^t  is  the  current  strength  ?  Ans.  10  amperes. 

/.  How  much  power  is  required  properly  to  operate  an  arc  lamp 
that  has  a  difference  of  potential  of  45J3  volts  between  its  terminals, 
it  haviaijr  been  adiusted  for  a  10  ampero  current  ? 

8.  The  difference  of  potential  between  the  two  terminals  of  an 
are  lamp  was  found  to  be  87.7  volts.  A  25  ampere  current  was 
patting  through  the  lamp.  What  is  the  power  consumed  in  the 
lamp?  Ans.  942.5  watts,  or  1}  H.  P. 

9.  A  certain  Edison  incandescence  lamp  has  a  resistance  of  125 
ohms.  The  difference  of  potential  between  the  terminals  of  the 
carhon  is  110  volts,  (a.)  What  is  the  current  strength?  (6.)  What 
amount  of  heat  is  developed  in  the  lamp  per  second  ? 

Ans,  (a,)  0.88  ampere;  (6.)  23.23  lesser  calories. 

10.  AOrove  cell  has  an  E.  M.  F.  of  1.9  volts  and  a  resistance  of 
0.4  ohm.  Its  plates  are  joined,  first,  by  a  3  ohms  wire ;  second,  by 
a  SO  ohms  wira  (a.)  What  is  the  current  in  each  case  ?  {b.)  What 
amount  of  heat  in  the  cell  is  developed  per  second  in  each  case  ? 

(o.)  .559  amperes  in  first  case. 

.0625  '*  "  second  case. 
Ans.  -{  (6.)  .125  joules     '*  first  case. 

.0015625  "  "  second  case. 
About  80  times  as  much. 
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Recapitulation* — To  be  amplified  by  the  pap: 
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Review  Questioks  and  Exercises. 

1.  (a.)  Give  the  laws  for  pressure  of  liquids  and  (&.)  explain  each 
by  some  fact  or  experiment. 

2.  (a.)  What  is  a  natural  magnet?  (&.)  An  artificial  magnet? 
(b.)  How  does  a  magnet  behave  toward  soft  iron?  (d.)  How  does 
one  magnet  behave  toward  another  magnet  ? 

3.  Give  the  £eu^s  in  regard  to  the  variation  of  the  magnetic  needle. 

4.  ifb.)  What  are  conductors  in  electricity  ?  (6.)  In  what  ways  may 
dectrical  separation  be  effected? 

5.  (a.)  What  conditions  in  the  construction  and  erection  of  light- 
Diog-Tods  are  necessary  to  insure  safety  from  lightning  ?  (&.)  Give 
the  elements  of  a  simple  voltaic  cell  and  (c.)  the  electric  condition  of 
those  elements  within  and  without  the  liquid. 

6.  (a.)  A  body  weighs  at  the  surface  of  the  earth  1014  lb. ;  what 
would  it  weigh  1200  miles  above  the  surface?  (&.)  Give  the  velocity 
of  water  issuing  from  an  orifice,  under  a  head  of  81  feet,  (c.)  If  5 
quarts  of  water  weigh  as  much  as  7  of  alcohol,  what  is  the  specific 
gravity  of  the  alcohol? 

7.  Find  the  kinetic  energy  of  a  25  lb.  ball  that  has  fallen  3600  feet 
Jn  vacuo.  Ans.  90,000  foot-pounds. 

8.  Give  the  fundamental  principle  of  Mechanics  and  illustrate  its 
•Pplication  by  one  of  the  mechanical  powers. 

9^  (a.)  Over  how  high  a  ridge  can  you  continuously  carry  water 
^  a  siphon,  where  the  minimum  range  of  the  barometer  is  27  inches  ? 
^0  Explain. 

10.  (a.)  What  is  specific  gravity?  (6.)  How  do  you  find  that  of 
^lids?    (c.)  What  principle  is  involved  in  your  method  ? 

11.  (a.)  How  much  water  per  hour  will  be  delivered  from  an 
rifice  of  2  inches  area,  25  feet  below  the  surface  of  a  tank  kept  full 
f  water,  not  allowing  for  resistance?  (6.)  Give  the  law  of  magnetic 
ttraction  and  repulsion.  Ana.  14,998.44  gal. 

12.  (a.)  State  what  you  have  been  taught  concerning  the  dipping 
eedle.     (p.)  Define  and  illustrate  magnetic  induction. 

13.  (a.)  Give  the  law  of  electric  attraction  and  repulsion  and  illus- 
rate  by  the  pith-ball  electroscope.  (&.)  Define  conductors  and  non- 
>ndnctors,  electrics  and  non-electrics,  {c.)  Illustrate  by  an  example 
feach. 

14  (a.)  Explain  (by  figures)  electric  induction.  (6.)  Explain  the 
barging  of  a  Leyden  jar.  (c.)  When  charged,  what  is  tho  electric 
mdition  of  the  outside  and  inside  of  the  jar  ? 
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15.  (a.)  Give  the  sooices  of  atmospheric  electricity  and  (6.)  thi 
effects  of  lightning. 

16.  {a)  What  is  the  effect  of  breaking  a  magnet  ?  (b.)  Give  • 
theory  of  magnetism  that  is  competent  to  account  for  the  propertlgi 
of  magnets,  broken  or  unbroken. 

17.  (a.)  How  do  soft  iron  and  tempered  steel  differ  as  to  susoep- 
(tibility  to  magnetism  ?  (&.)  Describe  one  method  of  magnetizing  • 
•steel  bar.  ' 

18.  The  influence  of  the  earth's  magnetism  upon  a  magnelfc 
needle  is  merely  directive,  {a.)  Explain  what  this  means.  (&.) 
Show  why  it  is  so. 

19.  (a.)  What  is  meant  by  electromotive  force?  (6.)  Describe 
Grove's  battery  and  its  mode  of  action,  (c.)  Why  are  battery  zincs 
generally  amalgamated  ? 

20.  {a.)  Describe  Oersted's  apparatus  and  (&.)  tell  what  its  use 
teaches,  (c.)  Describe  the  construction  of  the  astatic  galvanom 
eter. 

21.  {a.)  Describe  an  electro-magiiet  and  (6.)  tell  what  its  advaa 
tages  are.     {c.)  State  the  principle  of  the  electric  telegraph. 

22.  {a.)  Describe  a  Ruhmkorff's  coil  and  (6.)  explain  its  action. 

23.  (a.)  Define  electrolysis  and  electrolyte.  (&.)  Describe  the  elec- 
trolysis of  water,  (c)  Give  a  clear  account  of  some  branch  of  elec- 
tro-metallurgy.  (<?.)  What  is  meant  by  the  terms  electro^sitiDe  and 
electronegative  f 

24.  (a.)  Define  physics.  (6.)  Name  and  define  the  three  conditionf 
of  matter,  (c.)  What  do  you  understand  by  energy  ?  {d.)  Explaii 
what  is  meant  by  foot-pound. 

25.  {a.)  What  condition  of  the  atmosphere  is  desirable  for  experi 
ments  in  frictional  electricity?  (6.)  Why?  (c.)  How  could  yoi 
show,  experimentally,  that  there  are  two  opposite  kinds  of  elec 
tricity  ? 

26.  {a.)  Describe  the  experiment  with  Faraday's  bag  and  (6.)  stat 
what  it  teaches,  (c.)  Describe  the  dielectric  machine  and  {d,)  ex 
plain  its  action. 

27.  In  an  air-pump,  the  capacity  of  the  cylinder  is  one-fourth  tha 
of  the  receiver.  Under  ordinary  atmospheric  conditions,  they  tc 
gether  contain  62  grains  of  air.  Find  the  capacity  (a.)  of  the  re 
ceiver,  (6.)  of  the  cylinder.  After  5  strokes  of  the  piston,  (c.)  ho\ 
many  grains  of  air  would  be  left  in  the  receiver?  What  would  b 
its  tension  (d)  in  pounds  per  square  inch  ?  {e.)  In  Kg,  per  9q.  cm, 
(/.)  In  inches  of  mercury  ?  Ans,  («.)  327.68  g. 

28.  (a.)  Supposing  we  had  two  Leyden  jars,  one  charged  on  th 
iiifiide  with  positive  electricity  wad  Wi^  o\?ast  n«\\.\i  \^<»^gb&\?^^  on.  th 
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fnBide ;  the  two  jars  being  insnlated,  can  the  jars  be  fully  discharged 
by  connecting  the  inner  coats?    (6.)  Give  reaiiions  for  your  answer. 

29.  In  a  vessel  having  the  dimensions  of  a  cubic  foot,  sulphuric 
add  (sp.  gr.  =1.88)  stands  eight  inches  high  ;  give  the  pressure  on 
the  bottom  and  each  sida 

80.  The  lever  of  a  hydrostatic  press  is  six  feet  long,  the  fulcrum 
bebg  at  the  end  and  one  foot  from  the  piston  rod.  The  diameter  of 
the  tube  is  one  inch ;  that  of  tbe  cylinder,  ten  inches.  The  power  is 
S5  lb. ;  give  the  efiect.    (See  Appendix  A.) 

81.  Find  the  joint  resistance  of  three  conductors  of  10,  12  and  18 
ohms  arranged  in  multiple  arc.  Arts.  4.18  ohms. 

82.  (a.)  Define  equilibrium  and  its  kinds.  (&.)  Give  examples. 
(c)  How  does  the  centre  of  gravity  of  any  system,  acted  upon  by 
an  exterior  force,  move  ?    (d.)  Give  an  example. 

33.  (a.)  Figure  a  simple  barometer,  (p.)  Explain  why  the  mer- 
cury stands  above  its  leveL  (c.)  What  atmospheric  pressure  will 
BOBtain  a  column  of  mercury  24  inches  high  ? 

84.  (a.)  How  is  it  proved  that  air  has  weight?  (b.)  What  is  the 
weight  of  air  in  a  room  80  feet  long,  20  feet  wide  and  10  feet  high. 

85.  When  a  1000  gram  flask,  containing  700  g,  of  water,  was  filled 
with  the  fragments  of  a  mineral,  it  weighed  1450  g.  Give  the 
specific  gravity  of  the  mineral.  Ans.  2.6, 

36.  A  tank  measuring  1  meter  each  way  is  filled  with  water: 
what  will  be  the  pressure  on  the  bottom  and  sides  ? 

87.  (a.)  What  is  meant  by  kinetic  energy?  (6.)  By  potential 
energy? 

88.  Two  inelastic  bodies  are  moving  in  opposite  directions,  one 
weighing  81  grams  and  having  a  velocity  of  24  meters  per  second, 
the  other  weighing  22  grams  and  having  a  velocity  of  18  meters 
per  second:  what  is  the  united  energy  («.)  iK^fore  and  (6.)  after 
impact?  Ans.  [a.)  1.27  ;  (6.)  0.116  kilogrammeters. 

89.  Regarding  the  same  bodies  as  moving  in  the  same  direction, 
what  would  be  the  energy  (a.)  before  and  (b.)  after  impact  ? 

40.  (a.)  Draw  a  simple  figure  showing  the  essential  parts  of  an 
air-pump  and  (&.)  explain  the  process  of  forming  a  vacuum,  (c.)  If 
the  capacity  of  the  barrel  be  J  that  of  the  receiver,  how  much  air 
will  remain  in  the  receiver  at  the  end  of  the  fourth  stroke  of  the 
l^ston  ?  and  (d.)  what  would  be  its  elastic  force  compared  with  that 
of  the  external  air ?  Ans.  (d.)  |fg. 

41.  The  current  of  a  Grove's  battery  with  a  certain  resistance  in  the 
drcoit  is  known  to  be  J  ampere.    Passing  this  current  through  a 
dne  galyanometer,  the  coils  had  to  be  turned  9°  to  bring  them  ]>ar 
sUei  wHb  tbe  needle,    (See  Appendix  L  [2]).    Some  of  the  resistance 
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being  removed,  it  is  found  that  the  coils  have  to  be  tamed  70"  to 
bring  them  parallel     What  is  the  current  in  the  latter  case? 

Ans,  1  ampere. 

42.  If  a  positively  electrified  ball  be  hung  at  the  centre  of  a  room, 
its  charge  will  attract  an  equal  amount  of  —  electridtj  to  the  walli 
of  the  room.  To  what  common  piece  of  physical  apparatus  is  thW 
arrangement  analogous  ? 

43.  What  length  of  No.  6  pure  copper  wire  (6.  &  S.)  will  have  a 
resistance  of  1  ohm?    (See  Appendix  L)  Ans.  2433.09  ft. 

44  If  a  foot  of  pure  copper  wire  weighing  1  grain  has  a  resistance 
of  0.2106  ohm  and  20  feet  of  commercial  copper  wire  weighing  150 
grains  has  a  resistance  of  0.613  ohms,  what  is  the  percentage  ocm-     i 
ductivity  of  the  latter  as  compared  with  pure  copper? 

Ans.  91.6  per  cent       { 

45.  Sketch  an  arrangement  by  which  a  single  line  of  wire  can  be 
used  by  an  operator  at  either  end  to  signal  to  the  other  ;  the  condi- 
tion of  working  being  that  whenever  either  operator  is  not  sending 
a  message,  his  instrument  shall  be  in  eircuU  with  the  line  wire 
and  out  <?/' circuit  with  the  battery  at  his  end. 

46.  Calculate,  by  Joule's  law,  the  number  of  heat  units  developed 
in  a  wire  whose  resistance  is  4  ohms  when  a  steady  current  of  0.14 
ampere  is  passed  through  it  for  ten  minutes.  Ans,  11.2  units  of  heat. 

47.  A  dynamo  has  an  E.  M.  F.  of  889  volts  and  an  internal  (or  in- 
terpolar)  resistance  of  10.9  ohms.  Find  the  current  strength  when 
the  external  resistance  is  73  ohms.  Ans.  10  amperes. 

48.  I  have  48  cells,  each  of  1.2  volts  E.  M.  F.  and  each  of  2  ohms 
internal  resistance.  What  is  the  best  way  of  grouping  them  together 
when  it  is  desired  to  send  the  strongest  possible  current  through  a 
circuit  whose  resistance  is  12  ohms  ?  Ans.  Group  them  three  abreast. 

49.  The  current  from  a  certain  dynamo  (E.  M.  F.  =  839.02  volts) 
was  sent  through  a  series  of  16  arc  lamps  each  having  a  resistance 
of  4.51  ohms.  The  line  wire  had  a  resistance  of  0.8  ohm.  The 
current  measured  10.04  amperes.  What  was  the  resistance  of  the 
dynamo?  Ans,  10.61  ohms. 

50.  Immediately  after  the  discharge  of  a  Leyden  jar,  the  potential 
of  its  knob  is  zero.  It,  however,  begins  to  rise  and  soon  has  a  value 
that  is  a  considerable  part  of  the  potential  before  discharge  and  with 
the  same  sign.     Explain  this. 

51.  What  three  varieties  of  energy  appear  when  a  Leyden  jar  is 
discharged  ? 

52.  How  many  heat  units  (calories)  will  be  developed  by  a  10  am- 
pere current  flowing  through  a  coil  of  50  ohms  resistance  in  a  quap 
ter  of  an  hour  ?  Aua.  If)l80  oaloiieB. 
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Fig.  252. 


53.  A  cnnent  of  9  amperes  worked  an  electric  arc  light  and  on 
measuring  the  difference  of  potential  between  the  two  carbons  by 
an  electrometer  it  was  found  to  be  140  volts.  What  was  the 
■moDnt  of  power  absorbed  in  the  arc?  Ans,  1.69  H.  P. 

51  If  the  cells  represented  in  Fig.  252 
have  each  an  internal  resistance  of  4  ohms, 
what  is  the  resistance  of  the  external  cir- 
cait,  G,  if  the  battery  is  working  at  its  great- 
est possible  efficiency  ?  An»,  6  ohms. 

55.  The  same  strength  of  cnrrent  that 
will  heat  an  inch  of  platinum  wire  to  white- 
ness will  similarly  heat  a  yard  of  the  same 
wire.  Explain  why  it  is  necessary  to  use 
more  cells  thus  to  heat  a  yard  Chan  it  does 
(0  heat  an  inch  of  the  wire. 

56.  Five  Daniel  cells,  each  with  an  E.  M. 
F.  ori.i  volts  and  an  internal  resistance  of 
2.2  ohms  are  joined  in  series.  The  external  circuit  consists  of  16748 
feet  of  No.  14  copper  wire  (B.  &  S.)  (See  Appendix  I.)  {a.)  What 
is  the  resistance  of  the  external  circuit?  (&.)  What  is  the  current 
strength?  Ans.  (b.)  0.1  ampere. 

57.  Show  that  with  an  unlimited  number  of  cells  like  that  just 
described,  joined  in  series,  the  current  cannot  exceed  0.5  amperes. 

58.  What  is  the  total  energy  of  the  current  of  the  dynamo,  operated 
as  described  in  Exercise  1,  page  349?  ^^^  j  8417.94  watts. 

1 11.28  horse-power. 

59.  Explain  the  use  and  construction  of  a  relay. 

60.  Suppose  1000  incandescence  lamps  to  be  placed  parallel  in  the 
circuit  of  a  dynamo.  Each  lamp  has  a  hot  resistance  of  50  ohms 
and  requires  a  current  of  1  ampere,  (a.)  What  will  be  the  current 
strength  developed  by  the  dynamo?  (6.)  What  is  the  resistance  of 
the  lamp  circuit,  ignoring  the  resistance  of  the  leading  wires  ?  (c.) 
What  is  the  necessary  difference  of  potential  between  the  binding 
posts  of  the  dynamo  ?  (d)  If  the  resistance  of  the  dynamo  itself  is 
0.006  ohm,  what  is  the  total  E.  M.  F.  ?  (e.)  How  many  watts  will  be 
expended  in  each  lamp?  (/.)  If  500  of  the  lamps  be  turned  off 
(open  circuited),  what  will  the  resistance  of  the  lamp  circuit  become  ? 
{ff.)  If  the  R  M.  P.  of  the  dynamo  be  kept  constant  by  change  of 
speed  or  otherwise,  what  will  be  the  current  developed  by  the 
dynamo  with  the  600  lamps  ?  (/^.)  What  will  be  the  current  then 
supplied  to  each  lamp? 

AfU.  (a.)  1000  amperes;  (b,)  0.05  ohm ;  (c.)  50  volts  ;  (d.)  55  volts ; 
(e)  60;  (f.)  0.1  ohm ;  (g,)  523.81  amperes-,  (A.)  1.047  amperes. 
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61.  Two  incandescence  lamps  with  resistances  of  16.9  and  32  ohmfl 
respectively  were  joined  in  series  with  a  series  of  40  similar  voltaic 
cells  having  a  total  resistance  of  20  ohms.  The  current  measared 
1.16  amperes.  What  will  be  the  strength  of  current. that  a  series  of 
60  such  cells  will  send  through  a  series  of  four  lamps  having  resist- 
ances of  16.9,  32,  20  and  16  ohms  respectively  ? 

Ans.  1.043  amperes. 

62.  What  would  have  been  the  strength  of  current  in  this  case  if 
the  area  of  the  battery  plates  had  been  doubled,  all  things  else  re- 
maining the  same  ?  Ans,  1.2  amperes. 

63.  It  required  15.3  H.  P.  to  drive  a  certain  dynamo  that  had  a 
resistance  of  10.5  ohms  and  developed  a  current  of  10  amperes 
through  an  external  resistance  of  73  ohms.  (The  "  duty  "  of  a  dy- 
namo is  the  ratio  between  the  total  electrical  energy  developed  and 
the  work  performed  in  turning  the  armature  in  the  magnetic  field). 
What  is  the  duty  of  the  dynamo  in  question  ?     Ans,  73  per  cent. 

64.  The  "  commercial  eflBciency  "  of  a  dynamo  is  the  ratio  be- 
tween the  electrical  energy  appearing  in  the  external  circuit  and  the 
work  performed  in  turning  the  armature  in  the  magnetic  field.  The 
energy  expended  in  any  part  of  the  circuit  will,  of  course,  depend 
upon  the  resistances  of  that  part  and  of  the  whole  circuit  What  is 
the  commercial  efficiency  of  the  dynamo  above  mentioned  ? 

Ans,  64  per  cent 
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/^Section  i. 

NATURE,  REFRACTION  AND  REFLECTION 

OF  SOUND. 

477.  Definition  of  Sound. — Sound  is  the  mode 
of  motion  that  is  capable  of  affecting  the  auditory 
nerve. 

(a.)  The  word  sound  is  used  in  two  different  senses.  It  i8  oftea 
used  to  designate  a  sensation  caused  by  waves  of  air  beating  upon 
the  organ  of  hearing ;  it  is  also  used  to  designate  these  aerial  waves 
themselves.  The  former  meaning  refers  to  a  physiological  or 
psychol^'gical  process;  the  latter  to  a  physical  phenomenon.  If 
every  living  creature  were  deaf  there  could  be  no  sound  in  the 
former  sense,  while  in  the  latter  sense  the  sound  would  exist  but 
wonld  be  unheard.  The  definition  above  considers  sound  in  the 
physical  sense  only. 

478.  Undulations.  —  In  beginning  the  study  ol 
acoustics,  ic  IS  very  important  to  acquire  a  clear  idea  of 
the  nature  of  undulatory  motion.  When  a  person  sees 
waves  approaching  the  shore  of  a  lake  or  ocean,  there 
arises  the  idea  of  an  onward  movement  of  great  masses  of 
water.  But  if  the  observer  give  his  attention  to  a  piece  of ' 
wood  floating  upon  the  water,  he  will  notice  that  it  merely 
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rises  and  falls  without  approaching  the  shore.     He  may  m^^ 
thus  be  enabled  to  correct  his  erroneous  idea  of  the  onwarifi'^^^ 
motion  of  the  water.     Again,  he  may  stand  beside  a  field 
of  ripening  grain  and,  as  the  breezes  blow,  he  will  see  aj^ 
series  of  waves  pass  before  him.     But  if  he  observe  care-l 

fully  and  reflect,  he  will  see  clearly  that  there  is  no  move- 1 

ment  of  matter  from  one  side  of  the  field  to  the  other ;  thi 
grain-ladened  stalks  merely  bow  and  raise  their  heads. 
Most  persons  are  familiar  with  similar  wave  movements  in 
ropes,  chains  and  carpets.  Each  material  particle  has 
a  motion,  but  that  motion  is  vibratory,  not  progres- 
sive. The  only  thing  that  has  an  oyiward  movement 
is  the  pulse  or  wave,  which  is  ordy  a  form  or  change 
in  the  relative  positions  of  the  particles  of  the  un- 
dulating substance, 

{a,)  The  motion  of  the  wave  must  be  clearly  distinguished  from 
the  motion  of  particles  which  constitute  the  wave.  The  wave  may 
travel  to  a  great  distance ;  the  journey  of  the  individual  particle  is 
very  limited. 

479.  Wave  Period. — When  a  medium  is  traversed 
by  a  series  of  similar  waves,  each  particle  is  in  a  state  of 
continued  vibration.  These  vibrations  are  alike,  they 
being  as  truly  isochronous  (§  143)  as  those  of  the  pen- 
dulum. The  time  required  for  a  complete  vibra- 
tion is  called  the  period,  and  is  the  same  for 
all  the  particles. 

480.  Wave  Length. — In  such  a  series  of  similar 
waves,  measuring  in  the  direction  in  which  the  waves  are 
travelling,  the  distance  from  any  vibrating  particle  to 
the  next  particle  that  is  in  the  same  relative  posi- 
tioii  or  ''phase"  is  called  a iuai;e Xerb^tlrb.  \s>LVik!kfe^iaaA 
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tH  water  waves,  the  distance  from  one  cresl  to  the  next  is 
:•  wave  length.     (See  Mrxl  Priti.  Nat.  Phil.,  §  331,  <x.) 

481.  Amplitude. — Amplitude  means  the  dis- 
tance between  the  extreme  positions  of  the  vibrating 
particle,  or  the  length  of  its  jonrney.  As  in  the  case  of 
the  pendulum,  amf  litnde  and  period  ai-e  indci>cndent  of 
leach  other.    Amplilnde  is  also  indeperidont  of  wave  length. 

482.  Relation  of  Period,  Wave  Len^h  and 
Telocity. — ^During  one  period  there  will  be  one  com- 
plete vibration,  and  the  wave  will  advance  one  wave  length. 

■  Tbe  velocity  of  the  wave  may  be  found  by  multiplying  the 
wave  length  by  the  number  of  vibrations  per  second. 
Conversely,  the  wave  len^h  tnay  be  found  6y  dividr 
ing  the  velocity  by  the  number  of  vibrations. 

483.  Cause  of  Sound. — AU  sound  wMy  be  trnce-d 
to  the  vibrations  of  some  material  body.     When   a 

bell  is  struck,  the  edges  of  the 
be]]  are  set  in  rapid  vibration, 
as  may  be  scon  by  holding  a 
card  or  finger  nail  lightly  upon 
the  edge.  The  particles  of  the 
bell  strike  the  adjacent  parti. 
cles  of  air,  these  pass  the 
motion  thus  received  on  to  the 
1  air  particles  next  beyond,  and 
these  to  those  beyond. 

(a.)  That  sound  is  due  to  vibra- 
tory motioD  may  be  shown  by  nn- 
merous  experinteuts.  Holding  ono 
end  of  a  straight  spring,  aa  a  hick- 
ory  BtJck,  in  &  \\a6,  t^mH  tUe  free 
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end  to  one  side  aad  let  it  gr,.  Elasticity  wilt  retam  It  to  its  p«M  '^■ 
ot  rpst,  Icini'tic  t-nmgj  wilJ  cany  it  beyon)],  and  so  on,  a  vibnl 
motion  bi'ing  tlius  produced.  When  the  apring  in  long,  tlie  t9 
tioDS  niay  l>e  sfien.  By  lowering  the  spring  in  the  vise,  the  vil>nt 
part  is  shortened,  tbe  Til>ration8  reduced  in  amplitude  and  ir  fei 
In  rapidity.  Am  the  spring  is  shortened,  the  vibratlouB  hea 
invisible  but  audible,  showing  tliat  a  Bofflciently  rapid  vibnt 
notion  may  produce  a  sound. 

ib.y  Suspend  a  pith  itall  by  a  tht«ad  eo  that  it  shall  hang  lij 
•gainst  one  prong  of  a  tuning  fork.    When  the  fork  is  sounded,  di 
pith  Itall  will  Im;  thrown  ofi  b;r  the  Tibrations  of  the  prongs.    <" 
llluBtrations  of  the  same  truth  will  be  obeerred  aa  we  go 

(<■.)  The  vibrations  of  a  tuning-fork  may  be  represented  in  llwl 
following  niannc-r:  A  glass  plate  which  has  been  blackened l^l 
holding  it  in  a  petroleum  Same  is  arranged  so  as  to  slide  eAsilyti  \ 
the  grooved  frame  F.    A  pointed  piece  of  metal  is  attached  to  oH    ' 
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of  the  prongs  of  the  fork.  When  the  fork  Is  made  to  vibrato,  the 
point  placed  against  the  smoked  plate  and  the  plate  drawn  along 
rapidly  in  the  grooves,  the  point  traces  on  the  glass  an  undnlaUug 
line  which  repreaenta  f^rly  the  vibratory  movement  of  the  prong. 

484.  Propa^tion  of  Sound. — Sonnd  ia  ordi- 
narily propagated  throngh  the  air.  Tracing  the  sound 
from  its  source  to  the  ear  of  the  hearer,  we  may  say  that 
the  first  layer  of  air  is  strnck  by  the  vibrating  body.  The 
particles  of  thia  layer  give  their  motion  to  the  particles  of 
the  next  layer,  and  so  on  until  the  partioles  of  the  last 
layer  strike  upon  the  drum  of  the  ear. 

(a.)  TbiB  Idea  Is  beaulilnUj  maATsteft  ^  ^wft!  tTn&a,   S* 
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Pmagima  fire  bojB  placed  in  a  row  as  nhowii  tn  Pig,  350.  "  I  sud- 
denly push  A  ;  A  pushes  B  and  ref;^n8  liis  upii^^ht  positioa  ;  B 
^nslies  C ;   V  piuiheti 

J);     n    paBhBB    K,  0  fl  6  A 

birh    boy   after   the 
LJtnnanuHaiDn  of   the   , 
F-pmdi,  becomiiig  him- 
-   mU   erect.     E,  hav- 
g  nobodj  in  fnokt, 
,   It  thrown   forward,    ; 
Had  he  been  stand- 
ing on  the  edge  of 
ft  predpiee  he  would 
kftve  fallen  orer;  had 
he  Htood  in  contact 
vHh  a  window,  be  wonld  have  hrokeu  the  glass;  liad  he  been  close 
to  a  dram-head,  he  wonld  have  shaken  the  dram.    We  conld  thus 
tnosmit  a  posh  through  a  low  of  a  hundred  boja,  each  particular 
IiDj,  howerer,  only  swaying  to  and  fro.     Thus  also  we  send  sound 
Suoogh  the  air,  and  shake  tlie  dmm  of  a  dietant  ear,  while  each 
particular  pftrtide  of  the  ^r  concerned  in  the  transiniBHon  of  the  pulse 
makee  only  a  amall  osdllation."    (See  Fir»t  Prin.,  Exps.  141-144.) 

485.  Sound  Waves. — The  layers  of  air  are  crowded 
more  closely  together  by  osch  outward  vibration  of  the 
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Bounding  body;  a  condensation  of  the  air  is  thus  produced 
As  the  BonoTons  body  vibratos  in  tlie  opposite  direction, 
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the  Qcarest  layer  of  air  p&rticles  follows  it;  a.  rareTadiM  '^ 
of  the  air  is  thas  produced.    ^  sound  wave,  therefon,  f 
consists  of  two  parts,  a  condensation  and  a  rare/of 
tian.    The  motion  of  any  air  particle  is  backward  anj 
forward  in  the  line  of  propagation,  and  not "  up  and  down' 
across  that  line,  ae  in  the  case  of 'water  waves.     A  series  rf 
sumplete  sound  waves  consists  of  alternate  condensation 
and  rarefactions  in   the  form  of  continually  increasiii| 
spherical  shells,  at  the  common  centre  of  which  is  tbe  I 
sounding  body.     Any  line  of  propagation  of  the  aonad  I 
would  be  a  radius  of  the  sphere. 

4S6.  Sound  Media. — The  air  particles  imjfart  their  ' 

motion  to  other  particles  because  of  their  elasticity.  Ak^ 
elastic  substance  may  become  the  medium  for  (ht 
transmission,  of  sound,  but  such  a  medium  is  neces- 
sary. The  elasticity  of  a  body 
may  bo  measured  by  the  re- 
sistance it  opposes  to  compres- 
sion. Tlie  less  the  compres- 
sibility, the 
greater  the 
olasticity. 


Tided  with  a  stop-cock,  coDtaina  a 
Email  bell  suspended  by  a  thread. 
When  the  air  is  pumped  from  the 
globe  and  tbe  globe  shaken,  no 
Bound  is  heard,  although  the  clap- 
per of  the  bdl  is  seen  to  aU^ke 
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the  ben.    Readmitting  the  air,  and  again  sliuking  the  globe, 
the  taound  is  plainly  heard.    (See  Fig.  257.) 

(6.)  A  small  music  box,  or  a  clock-work  arrangement  for  striking 

A  bell  (Fig.  258),  may  be  supported  upon  a  thick  cushion  of  felt  or 

eofeton-batting,  and  placed  under  the  capped  receiver  of  an  air-pump 

"Wben  the  receiver  is  exhausted,  and  the  machinery  started  by  the 

rod  g,  the  motion  may  be  seen  but  hardly  any  sound  will  be  heard. 

_.1f  the  support  were  perfectly  inelastic  and  the  exhaustion  complete, 

BO  sonnd  would  be  audible.    The  experiment  may  he  made  more 

I     perfect  by  filling  the  exhausted  receiver  with  hydrogen  and  again 

cskauBting  the  gas.     (See  First  Prin.  Nat.  PhU.,  Exps.  146-148.) 

487.  Velocity  of  Sound  in  Air.— It  is  a  familiar 
&ct  that  the  transmission  of  sound  is  not  instantaneous 
The  blow  of  a  hammer  is  often  seen  several  seconc's  before 
the  consequent  sound  is  heard ;  steam  escaping  from  the 
whistle  of  a  distant  locomotive  becomes  visible  before  the 
shrill  scream  is  audible;  the  lightning  precedes  the  thunder 
As  we  shall  see  further  on,  the  time  required  for  the 
propagation  of  light  through  terrestrial  distances  is  inap- 
preciable. Hence  the  interval  between  the  two  sensations 
of  seeing  and  hearing  is  required  for  the  transmission  oi 
the  sound.  This  interval  being  observed  and  the  distance 
being  known,  the  velocity  is  easily  computed.  By  such 
means  it  has  been  found  that  the  veJocity  of  sound  in 
air  at  the  freezing  temperature  is  (il)out  332  m.,  or 
1090  ft.  per  second.  There  is  some  reason  for  believing 
that  very  loud  sounds  travel  somewhat  more  rapidly  than 
sounds  of  ordinary  loudness.  With  this  exception  it  may 
be  said  that,  in  a  given  medium,  all  sounds  travel  with  the 
same  yelocity. 

« 

488.  Velocity  in  Otlier  Media.— 77i/<?  velocity 
of  sound  depends  upon  tiro  considerations — the 
elasHci'ty  and  the  density  of  the  medium.  It  varies 
direc^y  as  the  square  root  of  the  elasticity,  and 
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hiverselij  as  the  square  root  of  the  density.    At 
freezing  teiniwrature,  sound  travels  through  oxygen  withi 
velocity  of  1040  feet,  and  through  hydrogen  with  a  velc 
4if  4164  feet  per  second. 

(a,)  It  is  a  very  common  mistake  to  think  that  an  increase  ol 
density  causes  an  increase  of  velocity.  It  is  known,  e.g,,  that  sound 
travels  more  rapidly  in  water  than  in  air  ;  that  water  is  more  dense 
than  air ;  hence,  say  the  superficial,  sound  travels  most  rapidly  in 
the  densest  bodies.  It  does  not  follow.  Other  things  being  equal, 
the  denser  the  medium,  the  less  the  velocity  of  the  motion.  A  little 
reflection  will  show  that  this  must  be  so ;  experiments  will  verify 
die  conclusion.  In  vxive  motion,  the  particles  of  the  medium  con- 
stitute the  thing  that  is  moved.  With  a  given  expenditure  of  energy, 
a  number  of  light  particles  is  moved  more  rapidly  than  an  equal 
number  of  heavy  particles  (§  157). 

489.  Effect  of  Temperature  Upon  Velocity. 

—An  increase  of  the  temperature  of  the  air  increases  its 
elasticity  and  decreases  its  density.  We  might,  therefore, 
expect  sound  to  travel  more  rapidly  in  warm  than  in  cold 
air.  Experiment  confirms  the  conclusion.  There  is  an 
added  velocity  of  about  1,12  feet  for  every  Fah- 
renheit degree,  or  of  about  2  feet  for  every  centi- 
grade degree  of  increase  of  temperature.  (The 
freezing  temperature  is  32°  P,  or  0°  0.) 

490.  Momentary  and  Continuous  Sounds. 

— A  sound  may  be  momentary  or  continuous.  A  momen- 
tary sound  consists  of  a  single  pulse  produced  by  a  single 
and  sudden  blow.  A  continuous  sound  consists  of  a 
rapid  succession  of  pulses.  The  ear  is  so  constructed 
that  its  vibrations  disappear  very  rapidly  but  the  disap- 
pearance is  not  instantaneous.    If  the  motion  imparted 
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to  the  ctitditory  nen^e  by  each  indivUhtnl  pulse  cnti- 
ffiniLe  itfitil  the  arriual  of  its  successor,  the  sound 
-wUZ  he  continuous. 

(a.)  Momentary  Bounds  maj  be  produced  by  pounding  with  a 

liainnieT,  stamping  with  the  foot,  clapping  the  hands  or  drawing  a 

I    stick  slowly  along  the  pickets  of  a  fence.    Continuous  sounds  may 

be  produced  by  sawing  boards  or  filing  saws.    They  constitute  the 

xattling  of  wheels  over  a  stony  pavement,  the  roar  of  waves  or  the 

crackling  of  a  large  Ore. 

491.  Noise  and  Music. — The  sensation  produced 
by  a  series  of  blows  coming  at  irregular  intervals,  is 
unpleasant  and  the  sound  is  called  a  noise.  But  when 
the  air  waves  come  with  sufficient  rapidity  to  render  the 
sound  continuous  and  with  perfect  regularity,  the  sensa- 
tion is  pleasant  and  the  sound  is  said  to  be  musical. 
To  secure  this  pleaMng  smoothness  of  music,  the 
sounding  body  m,usb  vibrate  with  the  unerring  reg- 
ularity of  the  pendulum,  but  impaH  much  sharper 
and  quicker  shocks  to  the  air.  Every  musiccd 
sound  has  a  well-defvncd  period  and  wave  length. 

492.  Elements  of  Musical  Sounds.— Musical  sounds  or 
iones  have  three  eleiD<>iit8— intensity  or  loudness,  pitch,  and  timhrt 
or  quality.  The  fiiat  two  of  these  we  shall  consider  at  once,  the 
third,  a  little  farther  on. 

493.  Intensity  and  Amplitude. — Intensity  or 
loudness  of  sofund  depends  upon  the  amplitude  of 
vibration.  The  greater  the  amplitude,  the  louder  the 
sound. 

(a.)  If  the  middle  of  a  tightly-stretched  cord  or  wire,  as  a  guitar 
string,  be  drawn  aside  from  its  position  of  rest  and  then  set  free,  it 
will  vibrate  to  and  fro  across  its  place  of  rest,  striking  the  air  and 
sending  sound  waves  to  the  ear.  If  the  middle  of  the  string  be 
drawn  aside  to  a  greater  distance  and  then  set  free,  the  swing  to 
mnd  tro  will  be  increased,  harder  blows  will  be  struck  upon  the  «ir 
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uid  t^e  «lr  pttitlcluf  win  mova  frnruj  ood  lMKlr<<ard  tliicnigfa  i 
^'ri'iiliT  ilid.uiii'ir.  la  otliiT  w'jnia.  the  ain|)Iituil<]  of  Tibratiou  bi 
\n:vn  incTi-uauil.  Udt  this  chaago  in  the  aGnal  ware  prodnc 
ehangu  in  tlio  sensation.  We  still  Tacognize  the  pitch  to  be  til 
fiaiiio  as  bffiiro ;  thi!  uno  isi  noithe.*  higher  nor  lower. 
rprogiiize  it  still  as  being  produced  b;  a  guitar  Btring.  The  <b^ 
Jiifi'nMii'c  i»  tliat  the  sensation  is  more  intense;  we  say  vJiatttt 
ei^uod  is  louder. 

4i>4.  Intensity  and  Distance. — The  intermts  V 
of  scuiul  Kuies  iitierscly  as  tJie  square  of  the  di»-  " 
tanee  from  the  sounding  body     Hence,  the  distaaee 
to  wliicli  I  =(o    1 1  111  ij  be  licdrd  depends  upon  i 


495.  Aconstic  Tubes. — If  the  sound  wave  be  not 
illowed  to  expand  as  a  spherical  shell,  the  energy  of  tht 
wave  cannot  be  diffused.  This  means  that  ita  intensity 
will  be  maintained.  In  aconsHc  tabes  (Fig.  317)  this 
diffaaioii   is  prevented  ■,  the.  waves  ora  propa,4aft«a  -wv 
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cnLy  one  direction.  In  this  way^  sound  may  be  trans- 
mitted to  great  distances  without  considerable  loss  of 
intensity.     (See  First  Principles.     Nat.  Phil.,  Exp.  149.) 

496.  Pitch. — The  second  element  of  a  musioid  sound 
jB  pitch,  by  which  we  mean  the  quality  that  constitutes 
the  difference  between  a  low  or  grave  tone  and  a  high 
•t»ne.  All  persons  are  more  or  less  able  to  recognize 
diSerencea  in  pitch.  A  person  who  is  able  to  judge 
accurately  of  the  pitch  of  sounds  is  said  to  have  a  ^good 
ear  for  music**  The  pitch  of  a  sound  depends  upon 
the  rapidity  of  t/ibration  of  the  sounding  body, 
OT,  in  other  words^  upon  the  rate  at  which  sound  pulses 
follow  each  other.  The  more  rapid  the  vibrations,  the 
higher  the  tone. 

497.  Experimental  Proof  of  the  Cause  ol 
Pltcll.  —  That  pitch  depends  upon 
rapidity  of  vibration,  may  be  roughly 
shown  by  drawing  the  finger  nail  across 
the  teeth  of  a  comb,  slowly  the  first  time 
and  rapidly  the  second  time.  It  may  be 
shown  more  satisfactorily  by  means  of 
Savart*8  wheel,  shown  in  Fig.  260.  This 
consists  of  a  heavy  metal  ratchet-wheel,  ^  * 
supported  on  an  iron  frame  and  pedestal.  The  wheel  may 
be  set  in  rapid  revolution  by  a  cord  wound  around  the  axis. 
By  holding  a  card  against  the  teeth,  when  in  rapid  motion, 
a  shrill  tone  will  be  produced,  gradually  falling  in  pitch  as 
the  speed  is  lessened. 

(a.)  If  the  sounding  body  and  the  listening  ear  approach  each 
other,  the  sound  waves  will  beat  upon  the  ear  with  greater  rapidity. 
This  is  equivalent  to  increasing  the  rapidity  of  vibration  of  the 
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Bounding  bodj.    The  opposite  holds  trae  when  the  sounding 
and  the  ear  recede  from  each  other.    This  explains  why  the 
of  the  whistle  of  a  railway  locomotive  is  perceptibly  higher  wl 
the  train  is  rapidly  approaching  the  observer,  than  when  it  is  rapi 
moving  away  from  him, 

498.  Relation  between  Pitch  and  Periods] 

Rate  of  vibration  and  period  are  reciprocals.    If 
rate  of  vibration  be  256  per  second,  the  period  is  ^{j  ^ 
second.    The  period  may,  therefore,  be  used  to  measi 
the  pitch ;  the  greater  the  period,  the  lower  the  pitch. 

499.  Relation  between  Pitch  and  Wave 
Leng^tli. — Since,  in  a  given  medium,  all  sounds  travel 
with  the  same  velocity,  the  rate  of  vibration  determines 
the  wave  length.  If  the  sounding  body  vibrate  224  times 
per  second,  224  waves  will  be  started  each  second.  If  the 
velocity  of  the  sound  be  1120  feet,  the  total  length  of  these 
224  waves  must  be  1120  feet,  or  the  length  of  each  wav< 
must  be  five  feet.  If  another  body  vibrate  twice  as  fast, 
it  will  crowd  twice  as  many  waves  into  the  1120  feet;  each 
wave  will  be  only  two  and  a  half  feet  long.  Thus  wave 
length  may  be  used  to  measure  the  pitch — ^the  greater  the 
wave  length,  the  lower  the  pitch. 

500.  Refraction  of  Sonnd.— We  have  a  clear 

idea  of  sound  waves  advancing  as  concentric,  spherical 
shells,  but  we  are  far  more  familiar  with  the  idea  of  sound 
advancing  in  definite  straight  lines.  This  idea  is  also  cor- 
rect, the  lines  being  radii  of  the  sphere.  We  may  thus 
speak  of  lines  or  "rays"  of  sound,  meaning  thereby  the 
direction  in  which  the  sonorous  pulses  are  propagated. 
The  ray  is  necessarily  perpendicular  to  the  wave.  When 
the  noise  of  the  street  is  heard  by  a  person  in  a  closed  room, 
the  sound  must  have  paaaeOi  ^to\xv  \Xi^  ^\x^>(5stfsvi5^\Ri^^ 
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matter  of  the  walls,  and  from  this  to  the  air  within, 
len  sound  thus  passes  obliquely  from  one  medium  to 
Lother,  the  rays  are  bent.    Tliis  bending  of  a  Bound 
vy  is  called  refraction  of  sound. 

601,  A  Sound  Focus.— Ordinarily,  sound  rays  are 
dyergent    The  sound  is  therefore  continually  diminishing 

intensity.  By  means  of  their  refrangibility,  they  may 
1)6  made  convergent.  If  the  divergent  rays  strike  the  side 
of  a  sack  shaped  like  a  double  convex  lens,  made  of  two 
flms  of  collodion,  or  very  thin  India  rubber,  and  filled 
nith  carbonic  acid  gas  (CO,),  their  divergence  will  be  di- 
adnished ;  they  may  thus  be  made  parallel,  or  even  con- 
Teigent,  after  passing  through  the  sack.  At  the  point 
where  these  rays  converge  their  total  energy  will  be  con- 
eentrated,  and  the  intensity  of  the  sound  be  thus  increased. 
The  point  where  the  refracted  rays  intersect  is  called  th^ 
focus  of  the  lens.  The  laws  of  refracted  sound  are  the 
»me  as  those  of  refracted  light,  to  be  studied  further  on. 

(a.)  If  a  watch  be  hung  near  such  a  refractor,  its  ticking  may  be 
leard  by  placing  the  ear  at  the  focus  on  the  other  side  of  the  sack ; 
when  the  sack  is  re- 
moved, the  ticking  is 
no  longer  andible.  A 
few  trials  will  enable 
the  experimenter  to 
determine  the  proper 
positions  for  the  watch, 
the  lens  and  the  ear. 
The  refraction  directs 
to  the  ear  all  the  en- 
ergy exerted  npon  the 
interior  surface  of  the 

jack.  This  energy  is  sufficient  to  excite  the  sensation  of  hearing. 
A  little  reflection  will  show  that  when  the  'sack  is  removed,  the 
^D&tgy  ereiied  upon  the  smaller  surface  of  the  tympanum  at  the 


Fig.  261. 
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greatei'  distance  is  veiy  much  diminished.  This  lesser  energy  is 
unable  to  excite  the  auditory  nerve  to  action,  and  the  ticking  of  the 
watch  is  unheard. 

603.  Reflection  of  Sound. — When  a  sound  ray 
strikes  an  obstacle,  it  is  reflected  in  obedience  to  the  prin- 
ciple given  in  §  97.  This  fact  is  turned  to  account  in  the 
ease  of  "conjugate  reflectors"  of  sound.  Fig.  262  repre- 
sents the  section  of  two  parabolic  reflectors  mn  and  op. 
It  is  a  peculiarity  of  such  reflect- 
ors that  rays  starting  from  the 
focus,  as  F,  will  be  reflected  as 
parallel  rays,  and  that  parallel  rays 
falling  upon  such  a  reflector  will 
converge  at  the  focus,  as  F' . 
Hence,  two  such  reflectors  may 
be  placed  in  such  a  position  that  p^^  ^^^ 

sound  waves  starting  from  one 

focus  shall,  after  two  reflections,  be  converged  at  the  othei 
focus.  Two  reflectors  so  placed  are  said  to  he  con- 
jugate to  each  other.  This  principle  underlies  the 
phenomena  of  whispering  galleries. 

(a.)  "  The  great  dome  of  St.  Paul's  Cathedral  in  London  is  so  con- 
structed that  two  persons  at  opposite  points  of  the  internal  gallery, 
placed  in  the  drum  of  the  dome,  can  talk  together  in  a  mere  whisper. 
The  sound  is  transmitted  from  one  to  the  other  hy  successive  reflec- 
tions along  the  course  of  the  dome."  A  similar  phenomenon  is 
observable  in  the  dome  of  the  Capitol  at  Washington. 

503,  Experiment. — At  the  focus  of  a  curved  re- 
flector, place  a  watch  or  other  suitable  sounding  body. 
Directly  facing  it,  but  at  a  distance  so  great  that  the 
ticking  is  unheard,  place  a  similar  reflector.  When  the 
ear  is  placed  at  the  focus  of  the  second  mirror,  as  shown  in 
Fig,  263,  tlie  ticking  is  plaitvl^  lieaasL 
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(a.)  In  tbe  experiment  above  described,  it  is  pl^u  that  man^  ot 
the  rajs  reflected  by  the  first  mirror  are  intercepted  hetore  they 
ntch  the  second  mirror.  This  may  be  remedied,  !□  part,  by  the 
ue  of  an  ear-tnimpet,  the  larger  end  being  held  at  the  focus  of  tlie 
second  reflector.  The  ear-tmmpet  may  be  a  glass  funnel,  with  a 
piece  of  mbbertnbing  leading  from  its  smaller  end  to  the  ear.  The 
siperiment  may  be  modified  by  using  a  single  reflector,  the  watch 
ieing  placed  a  little  further  from  the  reflector.  The  proper  positiona 
tor  the  wfttch  and  the  funnel  are  easUy  determined  by  experiment. 
ITiey  are  conjugate  fad. 

504.  Ecbo. —  When  a  sound,  after  reflection.,  is 
audible,  it  is  called  an  echo.  The  distinctness  with 
which  it  is  heard  depends  upon  the  distance  of  the  ear 
from  the  reflecting  surface.  A  very  quick,  sharp  sound 
may  produce  an  echo  even  when  the  reflecting  surface  is 
not  more  than  fifty  or  sixty  feet  away,  but  for  articulat* 
soonds  a  greater  distance  \a  necessary. 

(a.)  Few,  if  any,  pemons  can  pronounce  distinctly  more  than 
iboat  five  syllableB  in  a  second.  At  the  ordinary  temperature, 
gonnd  travela  about  1120  feet  per  second.  In  a  lifth  of  that  time 
it  woald  travel  about  324  feet.  If,  therefore,  tlie  rpflectlng  surface 
be  112  feet  distant,  the  articulate  sound  will  go  and  return  before 
the  next  ayllahle  is  pronounced.  The  two  souoda  will  not  inter- 
Fere,  and  the  echo  will  1>e  distinctly  heard.  If  the  reflecting  sur- 
CWe  he  lew  thftn  tMe  distance,  the  leftected  sound  will  return  before 


382  NATUME  OF  SOUim. 

the  articulation  is  complete  and  confusedly  blend  with  it.    If 
reflector  be  224  feet  distant,  tlicre  will  be  time  to  pronounce 
syllables  before  the  reflected  wave  returns.     The  echo  of 
syllables  may  then  be  heard ;  and  so  on.     The  echo  may  be  hi 
sometimes  when  the  direct  sound  cannot  be  heard. 

(6.)  Suppose  the  speaker  to  stand  1120  feet  from  the  reflectiogj 
substance.    If  then  he  speak  ten  syllables  in  two  seconds,  the  edttj 
yt  the  first  will  return  just  as  the  last  is  spoken  ;  the  echo  of  ead 
syllable  will  be  distinct.     But  if  he  continues  to  speak,  the  direct! 
and  the  reflected  sounds  will  become  blended  and  confused.    The 
reflecting  surface  should  be  a  large,  vertical  wall,  or  similar  object 
)8  a  huge  rock. 

{c.)  When  two  opposite  surfaces,  as  parallel  walls,  successively 
reflect  the  sound,  multiple  echoes  are  heard.  Sometimes  an  echo  is 
thus  repeated  20  or  30  times. 

EXEBGISES. 

1.  If  18  seconds  intervene  between  the  flash  and  report  of  a  gai^ 
what  is  its  distance,  the  temperature  being  82"  F.? 

2.  What  will  be  the  length  of  the  sound  waves  propagated  through 
air  at  a  temperature  of  15°  C.  by  a  tuning-fork  that  vibrates  2^ 
times  per  second  ? 

3.  State  clearly  the  difference  between  a  transverse  and  a  longl 
tudinal  wave. 

4.  Determine  the  temperature  of  the  air  when  the  velodty  oi 
sound  is  1150  feet  per  second. 

5.  If  A  18  50  m.  from  a  bell,  and  B  is  70  m,  from  it,  how  will  the 
loudness  of  the  sound  as  heard  by  B  compare  with  the  loudness  as 
heard  by  ^  ? 

6.  A  shot  is  fired  before  a  cliff,  and  the  echo  heard  in  six  seconds 
The  temperature  being  15"  C.  find  the  distance  of  the  cliff. 

7.  A  certain  musical  instrument  makes  1100  vibrations  pei 
second.  Under  what  conditions  will  the  sound  waves  be  each  a  foot 
long? 

8.  How  many  vibrations  per  second  are  necessary  for  the  forma- 
tion of  sound  waves  four  feet  long,  the  velocity  of  sound  being 
1120  feet  ?  What  will  be  the  temperature  at  the  time  of  the  experir 
ment? 

9.  Taking  the  velocity  of  sound  as  332  w.,  find  the  length  of  a 
wave  if  there  are  830  vibrations  per  second. 

10.  The  waves  produced  by  a  man's  voice  in  common  conversation 
are  from  eight  to  twelve  ieet  long.    11  >i^aa  '^^ws*^  ^\  i&KvoAXsft 
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feet,  find  the  corresponding  numbers  of  vibrations  of  yocal 
s. 

A  person  stands  before  a  clifiTand  claps  his  hands.     In  f  of  a 
i  he  hears  the  echo.    How  far  distant  was  the  cliff? 

ecapitulationf. — To  be  amplified  by  the  pupil  foi 
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ECTJON  11. 


THE  TELEPHONE  AND   PHONOGRAPH.— COM POSI- 
TION  AND  ANALYSIS  OF  SOUNDS. 


HbU. — Before  begtnolag  the  Btadj  of  the  telephone, 
[hould  carefuUf  reviuw  gg  468,  409. 


PcG.  £64. 


505.  The  Telephone. — This  uistrnment  is  repio-  1 
gented  in  eectioa  by  Fig.  364.  ^  is  a  permanent  bar 
magnet,  aroiind 
one  end  of  which 
is  wound  a  coil, 
S,  of  fine  copper 
wire  carefully 
ioBolated.  The 
ends  of  this 
coiled  wire  are 
attached  to  the  larger  wires,  CO,  which  communicate  with 
tho  binding  posts,  DD.  In  front  of  the  magnet  and  coil 
is  the  Eoft  iron  diaphragm,  B,  which  corresponds  to  the 
disc,  a,  of  Fig.  249.  The  distance  between  B  and  the 
end  of  A  is  delicately  adjusted  by  the  screw,  8.  In  fhint 
of  the  diaphragm,  is  a  wooden  mouth-piece  with  a  hole 
about  the  size  of  a  dime,  at  the  middle  of  the  diaphragm 
and  opposite  the  end  of  the  m^net.  The  outer  ease  is 
made  of  wood  or  of  hard  rubber.  The  external  appearance 
of  the  complete  iostcameat  \a  T«<gT«eAi:ited  hj  Vig,  36S> 
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The  binding  poefa  of  one  iDBtrumeot  being  connected  by 
wiree  with  the  binding  poeta  of  another  at  a  distance;  con- 
Tersation  maj  be  carried  on  between 
them. 

506.  Action  of  the  Tele- 
phone.— When  the  tnotith-pieGe  is 
brought  before  the  lips  of  a  person 
vho  is  talking,  air  wavee  beat  upon 
the  diaphragm  and  cause  it  to  vibrate. 
The  uatuifl  of  these  vibrations  depends 
upon  the  loudness,  pitch  and  timbre 
vt  the  Bonuda  uttered.  Each  vibration 
vt  the  diaphragm  induces  an  electric 
Burrent  in  the  wire  of  B.  These  cur- 
rente  are  tianKtnitted  to  the  coil  of  the 
connected  telephone,  at  a  distance  of, 
perhaps,  several  milee,  and  there  produce,  in  the  diaphragm 
of  the  iustntmen^  ribrations  exactly  like  the  original 
ribrafjons  produced  by  the  voice  of  the  speaker.  These 
vibrations  of  the  second  diaphragm  send  ont  new  lur 
waves  that  are  very  faithful  counterparts  of  the  original 
air  waves  that  fell  npon  the  first  diaphragm.  The  two 
•ets  of  air  waves  being  alike,  the  resulting  sensations  pro- 
dnced  in  the  bearers  are  alike.  Kot  only  different  words 
hut  also  different  voices  maybe  recognized.  The  arrange- 
ment  being  the  same  at  both  stations,  the  apparatus  works 
in  either  direoMon.  No  battery  is  necessary  with  this 
ammgement.     (See  Appendix  0.) 

(b.)  The  reprodaoed  sound  la  Bomewhat  feeble  hat  retOBih&blj 
elaac  and  diatinct.  The  second  telephone  should  be  held  close  to 
Ike  a*T  of  the  Uatonei.    Sometimes  there  are,  in  tha  same  drculti 
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two  or  more  hwtraineuta  at  each  Btatlon,  %o  that  eack  opeiaMr  m^ 
Isold  one  to  the  ear  and  the  other  to  the  mouth ;  or  the  listener  aaj 
place  one  at  each  ear.  When  the  Btatioas  are  a  coiulderable  db- 
tance  apart,  one  binding  post  of  each  iuBtrameot  may  be  ooniwcMl 
with  the  eftrth,  aa  Id  the  case  of  the  telegraph  (g  444). 

(6.)  It  is  to  be  dislinctl;  nouced  thai  tlie  tound  joatet  are  not 
transmitted  from  one  station  to  the  other.  "  The  air  warci  >n 
■pent  In  producing  icecbanical  vibrations  of  the  metal ;  these  omM 
magnetic  disturbances  that  exdte  electrical  action  in  the  nin, 
and  this  again  gives  rise  to  magnetic  changes  that  are  still  farther 
uirnvened  Into  the  tremors  of  the  distant  diaphragm,  and  tliM 
finallj  reappear  as  new  trains  of  air  waves  that  ^ect  the  liatenet.* 


Fic  aGG. 

507.  The  Transmitter.— la  practice,  a  transmit 

ter,  shown  at  C  in  Fig.  266,  is  generally  used.  The  vibra- 
tions of  the  diaphragm  of  C,  when  acted  upon  by  soaod 
waves,  produce  a  varying  pressure  upon  a  carbon  bntton 
fiaoed  ia  the  circnit  of  a  gol^anw  WtXfsrj,  D.    Tbis  \«fs< 
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ig  pressure  resalts  in  a  varying  resistaDce  to  the  passage 
t  the  current  through  the  button  and,  consequently,  in 
uriations  in  the  current  itself.      This  varying  current, 
passing  through  the  primary  circuit  of  a  small  induction 
coil  in  the  box,  67,  induces  a  current  in  the  secondary  cir- 
cuit thereof.    This  current,  thus  induced,  flows  over  the 
telephone  wires  and,  at  the  other  station,  passes  through  a 
telephone  like  that  shown  at  B,  which  is  held  close  to 
the  ear  of  the  listener.     The  message  is  transmitted  by  C 
at  one  station  and  received  by  B,  of  a  similar  instrument, 
at  the  other  station. 

At  each  station  is  placed  an  electric  bell,  A^  which  may 
be  rung  from  the  other  station,  for  the  purpose  of  at- 
tracting attention.  When  the  stations  are  a  considerable 
distance  apart,  one  binding  post  of  each  instrument 
fiiajbe  connected  with  the  earth,  as  in  the  case  of  the 
telegraph. 

ia.)  In  most  of  our  cities,  the  telephones  are  connected  by  wire 
^th  a  central  station,  called  a  telephone  exchange.     The  "  Ex- 
change" may  thus  be  connected  with  the  houses  of  hundreds  of 
patrons  in  all  parts  of  the  city  or  even  in  different  cities.    Upon  re- 
quest by  telephone,  the  attendant  at  the  central  station  connects 
the  line  from  any  instrument  with  that  running  to  any  other  instru- 
ment.   Thus,  each  subscriber  may  communicate  directly  with  any 
other  anbflcriber  to  the  exchange. 

508.  The  Phonograph. — This  is  an  instrument 
tor  recording  sounds  and  reproducing  them  after  any 
ength  of  time.     (See  Appendix  P.) 

(a.)  The  receiving   apparatus   consists  of    a   mouth-piece  and 

ibrating  disc  like  those  of  the  telephone.      At  the  back  of  the 

lisc  is  a  short  needle  or  style  for  recording  the  vibrations  upon  a 

^eet  of  tln-f<^  moving  under  it.   This  tin-foil  is  placed  upon  a  metal 

^-'^der  about  a  foot  (80  cm,)  long.     The  cylindei  haa  a  b^ital 
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groove  upon  its  carved  surface  and  a  similar  thread  upon  its  axii^ 
which  turns  in  a  fixed  nut.  As  the  cylinder  is  turned  by  a  crank, 
the  threads  upon  the  axis  give  the  cylinder  a  lengthwise  motion. 
The  style  is  placed  in  position  over  one  of  the  tin-foil  covered 
grooves  of  the  cylinder.  As  the  cylinder  revolves,  a  projection  in 
front  of  the  style  crowds  the  foil  down  into  the  groove.  The  needle 
follows  in  the  channel  thus  made  and,  as  it  vibrates,  records  a  suc- 
cession of  dots  in  the  tin -foil.  These  dots  eanstittUe  the  record.  To 
the  naked  eye  they  look  alike,  but  the  microscope  reveals  differences 
corresponding  to  pitch,  loudness,  and  timbre. 

(&.)  To  reproduce  the  sound,  the  style  is  lifted  from  the  foil,  the 
cylinder  turned  back  to  its  starting  point,  the  style  placed  in  the 
beginning  of  the  groove  and  the  crank  turned.  The  style  passes 
through  the  channel  and  drops  into  the  first  indentation ;  the  disc 
follows  it.  The  style  rises  and  drops  into  each  of  the  succeeding 
Indentations,  the  disc  following  its  every  motion  with  a  vibration. 
The  original  vibrations  made  the  dots ;  the  dots  are  now  making 
similar  vibrations.  Sound  waves  made  the  original  vibrations ;  now 
the  reproduced  vibrations  create  similar  sound  waves.  The  repro- 
duced sounds  are  a  little  muffled  but  remarkably  distinct,  each  of  the 
three  qualities  (§  492)  being  recognizable.  The  principle  may  be 
applied  to.  any  implement  or  toy  that  makes  a  sound  as  well  as  to 
the  voice.     Perfectly  simple ;  equally  wonderful. 

Experiment  I. — ^The  effect  of  repeated  impulses,  each  feeble 
htU  acting  at  the  right  instant y  may  be  forcibly  illustrated  as  follows: 
Support  a  heavy  weight,  as  a  bucket  of  coal,  by  a  long  string  or 
wire.  To  the  handle  of  a  bucket,  fasten  a  fine  cotton  thread.  By 
repeated  pulls  upon  the  thread,  each  pull,  after  the  first  one,  being 
given  just  as  the  pendulum  is  beginning  to  swing  toward  you 
from  the  effect  of  the  previous  pull,  the  weight  may  be  made  to 
swing  through  a  large  arc,  while  a  single  pull  out  of  time  will 
auap  the  thread.  A  little  practice  will  enable  you  to  perform  the 
axperiment  neatly. 

Experiment  2, — ^Vary  the  last  experiment  by  setting  the  pendu- 
lum in  motion  by  well-timed  pufis  of  air  from  the  mouth  or  from  a 
hand  bellows.  The  same  principle  is  illustrated  in  the  action  of  the 
spring  board,  familiar  to  most  boys,  who  know  that  the  desired 
•ffect  can  be  secured  only  by  "keeping  time."  Soldiers  are  often 
ordered  to  **  break  step"  in  crossing  a  bridge,  lest  the  aecumtd^ited 
energy  of  many  footfalls  in  unison  break  the  bridge. 

Experiment   3.— BuBpend  eevewX  ipe!A\i\\ra»  1»sol  ^  tsMDoa -f* . 


4 


BTMFATBSTIC   VIBBAnONB.  389 

lliDWii  in  Fig.  36T.     H&ke  two  of  equal  length  bo  that  tbey  will 

Tibiate  at  th«  Hame  rate.    Bt  fim  thai  theg  leUl  thut  mbrfitt.     The 

tther  pendnlomB  are  to  be  of  dlfierent  lenglhs.     Set  a  in  vibration 
~    the  swinging  of  a  will  produce  elight  vibra- 
c      Sana  in  the  frame  whidi  will,  in  turn,  traos- 

vii  them  to  the  other  peodalimia.     Ah  the 
Buve  impolees  thus  imparted  by  a  keep 

lime  with,  the  vibrations  of  b,  this  energy  ac- 

Emnalates  in  b,  idAkA  u  won  let  in  pereeptibCe 

tibralioTi.  As  these  impulsee  do  not  keep  time 
^  with  the  vibratioiiB  of  the  other  pendalams, 
^  there  can  be  no  Bach  ateamulation  qf  energy 
4  in  them,  for  manj  of  the  impoIseB  nitl  act  in 
I  oppositioa  to  the  motions  produced  by  previous 
f     impuleee  and  tend  to  destroy  them. 

Experiment  A. — Tnoe  to  unison  two  strings 
upon  the  same  sonometer  (Fig,  268).  Upon 
one  string,  place  two  or  three  paper  riders. 
With  a  violin  bow,  set  the  other  string  in  vi- 
bration. The  Bfmpathetic  vibrations  thus 
produced  will  be  shown  ^j  the  dismounting 
oftherideis,  whether  the  vibrations  be  audible  piG,  267. 

or  not.      Change  the  tensloa   oC  one  of  the 
BtringB,  thus  destroying  tbe  unisoa     Repeat  the  experiment  and 
notice  that  the  gympathetie  tiibralione  are  net  produced.     See  App.  <) 


Fig.  263. 


Experiment  S.  —  Place,  several  feet  apart,  two  tuning-fortts 
monnted  upon  Msonant  cases.  The  forks  should  have  tbe  same 
tone  Bod  the  cases  should  rest  upon  pieces  of  rubber  tubing  to  pre- 
vent tfas  teaaafeimtuM  ol  vibratoi;  motion  to  and  through  the  tabl«i 
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Soand  the  first  fork  by  rapidly  separating  the  two  prongs  with  a 
rod  or  by  rabbing  it  with  a  violin  bow.    Notice  the  pitch.    At  tbe 

end  of  a  second  or  two,  toach  the  prongs  to 
stop  their  motion  and  sound.  It  will  be  found 
that  the  second  fork  has  been  set  in  motion  bf 
the  repeated  blows  of  the  air  and  is  giving 
forth  a  sound  of  the  same  pitch  as  that  orig 
inally  produced  by  the  first  fork.  Fasten, 
by  means  of  wax,  a  8-cent  silver  piece  or 
other  small  weight  to  one  of  the  prongs  of 
the  second  fork.  An  attempt  to  repeat  the 
Fig.  269.  experiment  will  fail.     When  the  two  forks  are 

in  unison,  their  periods  are  the  same.  The 
second  and  subsequent  pulses  sent  out  by  the  first  fork  strike  the 
second  fork,  already  vibrating  from  the  efiect  of  the  first  pulse,  in 
the  same  phase  of  vibration  and  thus  each  adds  its  efiect  to  that 
of  all  its  predecessors.  If  the  forks  be  not  in  unison,  their  periods 
will  be  different  and  but  few  of  the  successive  pulses  can  strike  the 
second  fork  in  the  same  phase  of  vibration  ;  the  greater  number 
will  strike  it  at  the  wrong  instant. 

509.  Sympathetic  Vibrations. — The  string  of  a 
violin  may  be  made  to  vibrate  audibly  by  sounding  near 
it  a  tuning-fork  of  the  same  tone.  By  prolonging  a  vocal 
tone  near  a  piano,  one  of  the  wires  seems  to  take  up  the 
note  and  give  it  back  of  its  own  accord.  If  the  tone  be 
changed,  another  wire  will  give  it  back.  In  each  case, 
that  wire  is  excited  to  audible  action,  which  is  able  to 
vibrate  at  the  same  rate  as  do  the  sonorous  waves  that  set 
it  in  motion.  Thus  the  vibrations  of  the  strings  may  pro- 
duce sonorous  waves  and  the  waves,  in  turn,  may  produce 
vibrations  in  another  string.  The  most  important  feature 
of  the  phenomenon  is  that  the  string  absorbs  only  the 
■particular  hind  of  vibration  that  it  is  capable  of 
producing. 

Experiment  6. —Strike  a  tuning-fork  held  in  the  hand.     Notice 
the  feeble  sound.     Strike  the  iovVL  oigia^Tv  wi^  ^^^aR»  ^^  v>t^^^\  \Ssa 
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kandle  upon  a  table.    The  loadness  of  the  Bound  heard  it)  remark- 
abij  increased. 

Experiment  7. — Strike  the  fork  and  hold  it  near  the  ear,  coont- 
Ing  the  number  of  aeoonds  that  you  can  hear  it.  Strike  the  fork 
•gain  with  equal  force ;  place  the  end  of  the  handle  on  the  table 
and  count  the  number  of  eeconds  that  you  can  hear  it. 

510.  Sounding-Boards.  —  In  the  case  of  the 
sonometer^  piano,  violin,  guitar,  etc.,  the  sound  is  due 
more  to  the  yibrations  of  the  resonant  bodies  that  cany 
the  strings  than  to  the  vibrations  of  the  strings  them- 
selves. The  strings  are  too  thin  to  impart  enough  motion 
to  the  air  to  be  sensible  at  any  considerable  distance  ;  but 
as  they  vibrate,  their  tremoi-s  are  carried  by  the  bridges  to 
the  material  of  the  sounding  apparatus  with  which  they 
are  connected.  These  larger  surfaces  throw  larger  masses 
of  air  into  vibration  and  thus  greatly  intensify  the  sound. 
It  necessarily  follows  that  the  energy  of  the  vibraiing 
body  is  sooner  exhausted;  the  sounds  are  of  shorter 
duration. 

(a,)  This  soundinpf  apparatus  usually  consists  of  thin  pieces  of 
wood  that  are  capable  of  vibrating  in  any  period  within  certain 
limits.  The  vibrations  of  these  large  surfaces  and  of  the  enclosed 
air  produce  the  sonorous  vibrations.  The  excellence  of  a  Cremona 
violin  does  not  lie  in  the  strings,  which  may  have  to  be  replaced 
daily.  The  strings  are  valuable  to  determine  the  rate  of  vibration 
that  shall  be  produced  (§  519).  The  excellence  of  the  instrument 
depends  upon  the  sonorous  character  of  the  wood,  which  seems  to 
improve  with  age  and  use. 

(&.)  Similar  remarks  apply  to  the  tuning-fork.  Hence,  for  class 
or  lecture  experiments,  tuning-forks  should  be  mounted  as  shown 
in  Fig.  269. 

Experiment  8. — Support  horizontally,  between  two  fixed  sup- 
ports, a  soft  cotton  rope  a  few  yards  in  length.  With  a  stick, 
strike  the  rope  near  one  end  a  blow  from  below  and  a  crest  will 
be  formed  as  shown  in  Fig.  270.    Vary  the  tension  of  the  rope,  if 
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necessary,  until  the  crest  is  easily  seen.     Notice  that  the  ciest,  4 
travels  from  A  to  B  where  it  is  reflected  back  to  ^  as  a  trough,  it 


B 


Fig.  270. 

67  striking  the  rope  from  above,  a  trough  may  be  started  whidi 
will  be  reflected  as  a  crest. 

Experiment  9.— From  A,  start  a  trough.  At  the  moment  of  its 
reflection  as  a  crest  at  B,  start  a  crest  at  ^  as  shown  in  Fig.  271. 
The  two  crests  will  meet  near  the  middle  of  the  rope.  The  crest 
at  the  point  and  moment  of  meeting  results  from  two  forces  acting 


B 


Fig.  271. 


in  the  same  direction,  consequently  it  will  be  greater  than  either 
of  the  component  crests. 

511.  Coincident  Waves. — In  the  case  of  water 
waves,  when  crest  coincides  with  crest  the  water  reaches  a 
greater  height.  So  with  sound  waves,  when  condensation 
coincides  with  condensation,  this  part  of  the  wave  will  be 
more  condensed ;  when  rarefaction  coincides  with  rarefac- 
tion, this  part  of  the  wave  will  be  more  rarefied.  This 
increased  difference  of  density  in  the  two  parts  of  the 
wave  means  increased  loudness  of  the  sound,,  because 
there  is  an  increased  amplitude  of  vibration  for  the  par- 
ticles constituting  the  wave. 

513.  Reinforcement  of  Sound. — This  increased 

intensity  may  result  from  the  blending  of  two  or  more 

Benea  of  similar  waves  in.  \\ke  ^\i»afe^,  ot  ^xotcdl  ^%  t£uns>pc^  «^ 
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direct  and  reflected  waves  in  like  phases.  Under  such 
circnmstaQceG,  one  aet  of  waves  is  said  to  reinforce  the 
other.  The  phenomenon,  is  spoken  of  as  a  reinforce- 
ment of  sound. 

Experiment  10.— Hold 

*  glass  jar,  18  or  30  iuchee 

desp;  a  fe«ble  aoimd  is 

betrd.   On  carefiiUj  ponr- 

iBg  in   wirter,  we  notice 

tl&t    when     the     liquid 

naclies  a  certain    level,  > 

llie  aoattd  Bnddenly  be- 

cDmee  mach  londei.    The 

niter  baa  shortened  the 

•ir  Golomn  ontil  It  is  able 
lo  vibrate  in  unison  with 
the  fork.  If  mora  witt«r 
be  novr  poured  in,  the  io- 
tensit;  of  the  sound  ia 
Imened.  If  a  fork  oTdiT- 
ferent  vibration  be  used, 
the  colomn  of  air  that 
gives  the  maximum  reso- 
Danc«  will  vary,  the  air 
column  becoming  eborter 
M  the  rate  of  vibration  of 
the  fork  iucreaaw.  The 
length  of  the  air  column 
la  oue-fouith  the  length  of  the 


a  produced  bj  the  fork. 


ol3.  Resonance. — Resonance  is  a  variety  of  the 
reinforcement  of  Bound  due  to  sympathetic  vibrations. 
The  resonant  effecta  of  solids  were  shown  in  §  510. 
The  resonance  of  an  air  column  was  well  shown  by  the 
last  experiment. 

(a.)  Fig.  378  represents  Savart's  bell  and  resonator.     The  bell, 
on  bdng  mbbed  with  the  bow,  produces  a  luud  tone.    Tbe  n 
Is  a  tube  with  a  movable  bottom.     The  leogth  of  the  n 
ja/amo  i*  Aanged  hr  meanB  of  this  movaUe  hoWna.    Th«  v^^t 
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at  which  the  relufonxmenC  of  eound  Is  greatest  is  easilj  fonnd  )>] 
trial.  If,  when  the  sound  of  the  bell  has  become  hardl;  aodibh^ 
the  tube  be  brought  neir, 
the  resonant  e^ct  ia  tuj 
miurked. 

514.  Helmholtz's 
Resonators.— Helm- 

lioltz,  the  Germaa 
physieisfc,  constructed  a 
aeries  of  resonators, 
each  one  of  which  re- 
sounds powerfully  to  a  single  tone  of  certain  pitch  or 
wave  length.  They  are  metallic  vessels,  nearly  spherical, 
having  a  large  opening, 
aa  at  ^  in  Fig.  374, 
for  the  admission  of 
the  sound  waves.  The 
funnel-shaped  projec- 
tion at  B  has  a  small 
opening  and  is  inserted 
in  the  outer  ear  of  the 

observer.  

Fig.  274. 
Experiment    II. — Using 
the  rope  as  described  ia  ExperimeQt  8,  start  a  crest  at  A.     At  the 
moment  of  its  reflection  at  B  as  a  trough,  start  a  second  crest  at  A. 
The  trough  and  crest  will  meet  near  the  middle  of  the  rope.    The 
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-^. 


Fic.  275. 

rope  at  this  titae  and  place  will  be  urged  upward  hj  the  crest  and 
downward  bf  the  trough.  The  resultant  effect  of  these  opposing 
forces  will,  of  course,  be  equal  to  their  difference.  If  crest  and 
trough  exert  equal  lorcee,  flie  4V&reni»  "MV!i\«  -w 
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the  modon  of  the  rope  at  the  meeting  of  crest  and  troogh  will  be 
UtUe  or  nothing.  Thus  one  wave  motion  may  he  made  to  destroy  the 
tflfeet  of  another  wave  motion. 

Experiment  12. — ^Hold  a  vibrating  tuning-fork  near  the  ear  and 
dowly  turn  it  between  the  fingers.  Daring  a  single  complete  rota- 
tion, foor  positions  of  full  sound  and  four  positions  of  perfect  silence 
will  be  found.  When  a  side  of  the  fork  is  parallel  to  the  ear,  the 
Bound  is  plainly  audible  ;  when  a  corner  of  a  prong  is  turned  toward 
the  ear,  ^e  waves  from  one  prong  completely  destroy  the  waves  started 
ly  the  other.     The  interference  is  complete. 

Experiment  13. — Over  a  resonant  jar,  as  shown  in  Fig.  272,  slowly 
turn  a  vibrating  tuning-fork.    In  four  positions  of  the  fork  we  have 


Fig.  276. 

loud,  resonant  tones;  in  four  other  positions  we  have  complete 
interference.  If,  while  the  fork  is  in  one  of  these  positions  of  inter- 
ference, a  pasteboard  tube  be  placed  around  one  of  the  vibrating 
prongs,  a  resonant  tone  is  instantly  heard ;  the  cause  of  the  inter, 
ference  has  been  removed.     (Fig.  276.) 


616.  Interference  of  Sound.— If ,  while  a  tuning- 
fork  ia  vibrating,  a  second  fork  be  set  m  vibration,  the 
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waves  from  the  second  must  traverse  the  air  set  in  motion 
by  the  former.    If  the  waves  from  the  two  forks  be  of 


Fig.  277. 

equal  length,  as  will  be  the  case  when  the  two  forks  haye 
the  same  pitch,  and  the  forks  be  any  number  of  whole 
wave  lengths  apart  (Fig.  277),  the  two  sets  of  waves  will 
unite  in  like  phases  (condensation  with  condensation, 
etc.),  and  a  reinforcement  of  sound  will  ensue.  But  if  the 
second  fork  be  placed  an  odd  number  of  half  wave  lengths 
behind  the  other,  the  two  series  of  waves  will  meet  in 
opposite  phases ;  where  the  first  fork  requires  a  condensa- 
tion, the  second  will  require  a  rarefaction.  The  two  sets 
of  waves  will  interfere,  the  one  with  the  other.  If  the 
waves  be  of  equal  intensity,  the  algebraic  sum  of  these 
component  forces  will  be  zero.  The  air  particles,  thus 
acted  upon,  will  remain  at  rest ;  this  means  silence.     In 


Fig.  278. 

Fig.  278,  an  attempt  is  made  to  represent  this  effect  to 
the  eye,  the  uniformity  of  tint  indicating  the  absence  of 
condensations  and  rarefactions.  Thus,  by  adding  sound 
to  sound,  both  may  be  destroijed.    TVua  i&  tKe  lea(2- 
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ing  characteiiMio  property  of  wave  motion.  The 
-phenomenon  here  described  is  called  interference 
of  sound, 

(a.)  The  Bound  of  a  vibrating  tuning-fork  held  in  the  hand  is 
almost  inaudible.  The  feebleness  resalts  largely  from  interference. 
As  the  prongs  always  vibrate  in  opposite  directions  at  the  same 
time,  one  demands  a  rarefaction  "where  the  other  demands  a  con- 
densation. By  covering  one  vibrating  prong  with  a  pasteboard 
tube,  the  sonnd  is  more  easily  heard. 

Experiment  14.— *In  a  quiet  room,  strike  simultaneously  one  of 
the  lower  white  keys  of  a  piano  and  the  adjoining  black  key.  A 
series  of  palpitations  or  heats  will  be  heard. 

Experiment  15. — Simnltaneously  sound  the  two  tuning-forks 
described  in  Experiment  5,  one  being  loaded  as  there  mentioned ; 
the  beats  will  be  very  perceptible.  Replacing  the  8-cent  piece  suc- 
cessively by  a  diver  half-dime  and  a  dime,  the  number  of  beats  will 
be  successively  increased. 

516.  Beats. — If  two  tuning-forks,  A  and  B,  vibrating 
respectively  255  and  256  times  a  second^  be  set  in  vibration 
at  the  same  time,  their  first  waves  will  meet  in  like  phases 
and  the  result  will  be  an  intensity  of  sound  greater  than 
that  of  either.  After  half  a  second,  B  having  gained  half 
a  vibration  upon  A,  the  waves  will  meet  in  opposite  phases 
and  the  sound  will  be  weakened  or  destroyed.  At  the  end 
of  the  second  we  shall  have  another  reinforcement;  at 
the  middle  of  the  next  second  another  interference.  This 
peculiar  palpitating  effect  is  due  to  a  succession 
of  reinforcements  and  interferences,  and  is  called 
a  heat.  The  number  of  beats  per  second  equals  the  dif- 
ference of  the  two  numbers  of  vibration. 

(a.)  If  two  large  organ  pipes,  having  exactly  the  same  tone,  be 
simultaneously  sounded,  a  low,  loud,  uniform  sound  will  be  pro- 
duced. If  an  aperture  he  made  in  the  upper  part  of  one  of  the 
waXUi  of  one  of  the  pipes  and  closed  by  a  movable  plate^  the  tone 
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produced  bj  the  pipe  maj  be  changed  at  will.  The  more  the  aper< 
ture  is  opened,  the  higher  the  pitch.  In  this  manner,  digJiUy  raise 
the  pitch  of  one  of  the  pipes.  If  the  pipes  be  sounded  in  suocesdon, 
even  a  trained  ear  would  probably  fail  to  detect  any  difference.  If 
they  be  sounded  simultaneously,  the  sound  will  be  of  varying  load- 
ness,  very  marked  jerks  or  palpitations  being  perceptible. 

517.  Practical  Effect  of  Beats. — The  human 
ear  may  recognize  about  38,000  different  sounds.  If  a 
string,  for  example,  vibrating  400  times  per  second  were 
sounded,  and  one  vibrating  401  times  per  second  were 
subsequently  sounded,  the  ear  would  probably  fail  to  detect 
any  difference  between  them.  But  if  they  were  sounded 
simultaneously,  the  presence  of  one  beat  each  second  would 
clearly  indicate  the  difference.  Unaided  by  the  beats,  the 
ear  can  detect  about  one  per  cent,  of  the  38,000  sounds 
lying  within  the  range  of  the  human  ear.  Beats  are, 
therefore,  very  important  to  the  tuner  of  musical  instru- 
ments. To  bring  two  slightly  different  tones  into  unison, 
he  has  only  to  tune  them  so  that  the  beats  ceas^. 

518.  Vibrations  of  Strings-— The  laws  of  musical  tones 

are  most  convenientlj  studied  by  means  of  stringed  instruments. 
In  the  violin,  etc.,  the  strings  are  set  in  vibration  by  bowing  them. 
The  hairs  of  the  bow,  being  rubbed  with  rosin,  adhere  to  the  string 
and  draw  it  aside  until  slipping  takes  place.  In  springing  back, 
the  string  is  quickly  caught  again  by  the  bow  and  the  same  action 
repeated.  In  the  harp  and  guitar,  the  strings  are  plucked  with  the 
finger.  In  the  piano,  the  wires  are  struck  by  little  leather-faced 
hammers  worked  by  the  keys.  The  vibrations  of  the  string,  and 
consequently  the  pitch,  depend  upon  the  string  itself.  The. manner 
of  producing  the  vibrations  has  no  effect  upon  the  pitch. 

519.  Laws  of  the  Vibrations  of  Strings.— 

The  following  are  important  laws  of  musical  strings: 
(1.)  Other  conditioiia  \ie\ii^  ^^  «mxi^,  ^^  lisasiwss.  ^ 
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TibrationB  per  second  Taries  inverBaly  aa  the  length  of  the 

(2.)  Other  conditions  being  the  same,  the  number  of 
Tibraljons  per  second  Taries  directly  aa  the  square  root  of 
the  stretching  weight,  or  tension. 

(3.)  Other  conditions  being  the  same,  the  number  oi 
Tibrations  per  second  varies  inversely  as  the  square  root  of 
the  weight  of  the  string  per  linear  unit. 

(a.)  All  of  these  IbWB  maf  be  rongblf  lltastrated  b;  meKDs  of  a 
violin.  The  length  of  the  string  tasj  be  altered  bj  flogeriog ;  the 
tenaioQ  may  be  changed  by  means  of  the  Bcrewa  or  ieyB ;  the  effects 
of  the  third  law  may  be  Bbown  by  the  aid  of  the  four  strings. 

(ft.)  For  the  Ulnstration  of  these  laws,  the  aonomater,  shown  in 
B\g.  379,  is  geneially  nsad.     The  length  of  the  string  is  determined 


\>f  the  two  fixed  bridges,  or  by  one  of  them  and  the  movable  bridge 
which  may  be  employed  for  changing  the  length  of  the  vibrating  part 
of  the  string  ;  the  tension  is  regulated  by  pegs  or  by  weights  that 
may  be  changed  at  pleasure ;  the  third  law  may  be  verified  by  using 
ifforent  strings  of  known  weights.  Iron  and  platinum  wires  of  the 
same  diameters  are  ^quently  used  for  this  pur|io3e.  (Appendix  Q.) 
(e.)  From  these  laws  It  follows,  for  example,  that  a  string  of  half 
the  length,  or  four  times  the  tension,  or  one-fourth  tlie  weight  of  a 
given  string  will  vibrate  just  twice  as  fast  as  the  given  string,  i.e., 
twice  as  fast  on  ai-iyiunt  of  any  one  of  these  three  Tariations.  A 
string  of  one-third  the  length,  or  nine  times  the  tension,  or  one 
vlntb  the  weight  of  a  given  string,  vrill  vibrate  three  times  as  fast 
ma  tbBglvsa  stiiog;  and  so  on. 
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520.  The  Musical  Scale.— Starting  from  an; 
arbitrary  tone  or  absolute  pitch,  the  voice  rises  or  falls  in 
a  manner  very  pleasing  to  the  ear,  by  eight  steps  or  inter- 
vals. The  whole  series  of  musical  tones  may  be  divided 
into  octaves,  or  groups  of  eight  tones  each,  the  relation 
between  any  two  members  of  one  group  being  the  same  as 
the  relation  between  the  corresponding  members  of  any 
other  group.  The  eighth  of  the  first  group  becomes  the 
first  of  the  second.  The  intervals  between  the  successive 
tones  are  not  the  same,  as  will  be  seen  from  the  next 
paragraph. 

531.   Relative  Numbers  of  Vibrations. — A 

string  vibrating  half  as  rapidly  as  a  given  string,  will  give 
its  octave  below ;  one  vibrating  twice  as  rapidly,  its  octave 
above.  The  ratio  of  the  number  of  vibrations  correspond- 
ing to  the  interval  of  an  octave  is,  therefore,  1:2.  The 
relative  number  of  vibrations  corresponding  to  the  tones 
that  constitute  the  major  diatonic  scale  (gamut)  are  as 
follows : 

4 


i 


m 


—4^^ — 

Relative  Names,  -       -       -        1,     2,     3,  4,  5,  6»  7,  8. 

Ahsolvte  Names,      -       -       -    C,     D,    E,  F,  G,  A,  B,  C. 

8yllahle8,     •        -        -        -        do,   re,  mi,  fa,  sol,  la,  si,  do. 

Relative  Numbers  of  Vibrations,  1,     |,     f,  |,  f,  f,  y,  2. 

24,   27,   30,  32,  36,  40,  45,  48. 

533.  Absolute   Numbers   of  Vibrations.— 

Knowing  the  number  of  vibrations  that  constitute  the 
tone  called  dOy  the  absolute  number  of  vibrations  of  any 
of  the  other  tones  of  the  scale  may  be  obtained  by  multi- 
joljing  the  number  of  vibrations  of  do  by  the  ratio  between 
it  and  that  of  the  given  toue,  aa  ^o^xi  «5ciq^^-  "Ytcoj^'^S.  ^ 
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have  256  vibrations  per  second,  O  will  have  256  x  t  =  384 
yibrations  per  second ;  its  octane  will  have  512 ;  the  fifth 
of  its  octaye  will  have  512  x  |  =  768.  K  j^  be  given  352 
yibrations,  (7  will  have  352  -5-  ^  =  264.  Thus,  knowing  (7, 
any  given  tone  may  have  its  number  of  yibrations  deter 
mined  by  multiplying  by  the  proper  ratio. 

523.  Absolute  Pitch. — The  number  of  vibrations 
constituting  the  tone  called  G  is  purely  arbitrary.  The 
assignment  of  256  complete  vibrations  to  middle  G  is  com- 
mon, but  the  practice  of  musicians  is  not  uniform.  A 
certain  tuning-fork  deposited  in  the  Conservatory  of  Music 
at  Paris  is  the  standard  for  France ;  it  assigns  261  vibra- 
tions per  second  to  middle  (7.  The  standard  tuning-fork 
adopted  by  English  musicians  and  deposited  with  the 
Society  of  Arts  in  London,  gives  264  vibrations  to  middle 
01  Multiplying  the  numbers  in  the  last  line  of  §  521  by 
11,  we  shall  have  the  absolute  numbers  of  vibration  for  the 
several  tones  of  the  gamut  corresponding  to  this  standard 

(a.)  Whatever  be  the  standard  thus  adopted,  an  instrument  will 
be  in  tone  when  tbe  relative  number  of  yibrations  is  correct.  The 
string  that  produces  the  tone  O  must  always  vibrate  three  times 
while  the  one  producing  C  vibrates  twice,  or  36  times,  while  the 
latter  vibrates  24  times.  While  the  string  yielding  D  vibrates  27 
times,  the  string  yielding  B  must  vibrate  45  times ;  and  so  on. 

(P.)  Middle  O  is  the  tone  sounded  by  the  key  of  a  piano  at  the  left 
of  the  two  black  keys  near  the  middle  of  the  key-board.  It  is 
designated  by  Oi.  (See  Exp.  16,  p.  404.)  Its  octaves  below  and  above 
are  designated  as  follows : 

(7-2,    CLi.     G,    Cu    02.    Cs,    Gi. 

624.  Fnndamental  Tones  and  Overtones.— 

A  string  may  yibrate  transversely  as  a  whole,  or  as  inde- 
pendent segments.  Such  segments  will  be  aliquot  parts 
o{  the  whole  airing  and  separated  from  each  other  by  points 
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of  no  motion,  called  nodes  or  nodal  points.  The  tons 
produced  by  the  vibrations  of  the  whole  length  of 
a  string  is  called  its  fundamental  tone.  The  tones 
produced  by  the  vibrations  of  the  segments  of  a 
string  are  called  its  overtones  or  harmonics,  \ 

{a.)  The  fact  that  a  string  may  thus  vibrate  in  segments,  with  the 
further  fact  that  a  string,  or  other  sounding  body,  can  hardly  be  made 
to  vibrate  as  a  whole  without  vibrating  in  segments  at  the  same  time, 
furnishes  a  means  of  explaining  quality  or  timbre  of  sound.     (§  492.) 

525.  Fundamental  Tones.  —  When  a  string 
vibrates  so  as  to  produce  its  fundamental  tone,  its  extreme 

positions  may  be  represented 
by  the  continaoufi  and  the 
Fig.  280.  Jotted  lines  of    Kg.   280. 

This  effect  is  obtained  by  leaving  the  string  free  and 
bowing  it  near  one  of  its  ends.  If  a  number  of  litfle 
strips  of  paper,  doubled  in  the  middle,  be  placed  like  riders 
upon  the  string,  and  the  string  bowed  as  just  described, 
all  of  the  riders  will  be  thrown  up  and  most  of  them  off. 
This  shows  that  the  whole  string  vibrates  as  one  Btring; 
that  there  is  no  part  of  it  between  the  fixed  ends  that  is 
not  in  vibration. 

536.  The  First  Overtone.— If  the  string  of  the 
sonometer  be  touched  exactly  at  its  middle  with  a  finger, 
or  better,  with  a  feather,  a  higher  tone  is  produced  when 
the  string  is  bowed.  This  higher  tone  is  the  octave  of  the 
fundamental.  The  string  now  vibrates  in  such  a  way  that 
the  point  touched  remains  0  k  B 

at  rest.    Its  extreme  posi-  "^g"^  ^-^^^s*  ^-r^ 

tions  may  be  represented  ^'^-  281. 

by  the  lines  of  Fig.  281.  *  The  point  N  is  acted  upon  by 
two  equal  and  opposite  ioTce^*,  \\,  \%  \«^<2A  \ft\assH^\^^ 
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ways  at  the  same  time  and,  conaeqtiently,  does  not  move 
at  all,  bat  rem^QB  at  rest  as  a  node.  The  tone  is  due  to 
the  vibrations  of  the  two  halves  of  the  string,  which  thus 
give  tbe  octave  instead  of  the  fundamental.  The  existence 
of  the  node  and  segments  will  continne  for  some  time  after 
the  finger  is  removed.  If  riders  be  placed  at  G,  iVand  D, 
the  one  at  N  will  remain  at  rest  while  those  at  C  and  D 
will  probably  be  dismounted, 

537.  Higher  Overtones.— In  like  manner,  if  the 
ribrating  string  be  touched  at  exactly  one-third,  on^-fonrth 


or  one-fifth  of  its  length  from  one  end,  it  will  divide  into 
three,  fonr  or  five  segments,  with  vibrations  three,  four  or 
five  times  as  rapid  as  the  fundamental  vibrations.  If 
touched  at  one-third  its  length,  as  represented  in  Fig.  283, 
l^e  tone  will  be  tbe  fifth  to  tbe  octave  of  the  fundamental ; 
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if  touched  at  one-fourth  its  length,  the  tone  will  be  the 
second  octave  above.  Of  course,  any  other  aliquot  part  ol 
the  length  of  the  string  may  be  used.  In  any  case,  the 
experiment  with  riders  may  be  repeated  to  indicate  the 
position  of  the  segments  and  nodes. 

528.  Quality  or  Timbre. — ^As  a  sounding  bodj 
vibrates  as  a  whole  and  in  segments  at  the  same  time,  the 
fundamental  and  the  harmonics  blend.  The  resultant 
effect  of  this  blending  of  fundamentals  and  harmonics  con- 
stitutes what  we  call  the  quality  or  timbre  of  the  sound. 
We  recognize  the  voice  of  a  friend,  not  by  its  loudness  nor 
by  its  pitch,  but  by  its  quality.  When  a  piano  and  violin 
sound  the  same  tone,  we  easily  distinguish  the  sound  of 
one  from  that  of  the  other,  because,  while  the  fundamentals 
are  alike,  the  harmonics  are  different.  Hence,  the  total 
effects  of  the  fundamentals  and  the  harmonics,  or  the 
qualities,  are  different.  The  possible  combinations  of  fun- 
damentals and  harmonics,  or  forms  of  vibratory  motion, 
are  innumerable. 

Experiment  16. — Take  your  seat  before  the  key-board  of  a  piano. 
Press  and  hold  down  the  key  of  "  middle  C,"  marked  1  in  Fig.  283, 
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which  represents  part  of  the  key -board.  This  wiU  lift  the  dampei 
from  the  corresponding  piano  wire  and  leave  it  free  to  vibrate. 
Strongly  strike  the  key  of  C",  an  octave  below.  Hold  this  key  down 
for  a  few  seconds  and  then  remove  the  finger.  The  damper  wil] 
faU  upon  the  vibrating  wire  and  bring  it  to  rest.  When  the  soand 
of  O^  has  ^ied  away,  a  acmnd  of  Tiighex  'pUcK  >a  hAaT^.  '^yaaXicKsa, 
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nmeponds  to  the  wire  of  1,  which  wire  is  now  vibrating.  These 
nbrations  are  sympathetic  with  those  that  produced  the  first  over- 
tcmes  of  the  wire  that  was  strack.  TheM  vibrations  in  the  wire  of 
1  prove  the  presence  of  the  first  overtone  in  the  vibrating  wire  of  C. 
(See  §509.) 

in  similar  manner,  successively  raise  the  dampers  from  the  wires 
of  2,  8,  4,  5,  6  and  7,  striking  C  each  time.  These  wires  will  accu- 
mxQate  the  energy  of  the  waves  that  correspond  to  the  respective 
overtones  of  the  wire  of  C  and  give  forth  each  its  proper  tone. 
Thus  we  analyze  the  sound  of  the  wire  ofC  and  prove  thai  at  least 
men  overtones  are  blended  with  its  fundamental. 

Some  of  these  tones  of  higher  pitch,  thus  produced  by  vibrations 
apathetic  with  the  vibrations  of  Vie  segments  of  the  wire  of  C7^  are 
feebler  than  others.  This  shows  that  the  quality  of  a  tone  depends 
upon  the  relative  intensities  as  well  as  the  number  of  the  overtones 
that  blend  with  the  f  andamentaL 

5129.   Simple  and  Compound  Tones.  —  The 

veil  trained  ear  can  detect  several  sounds  of  different 
pitch  when  a  single  key  of  a  piano  is  struck.  In  other 
words,  the  sound  of  a  vibrating  piano  wire  is  a  compound 
sound.  The  sound  of  a  tuning-fork  is  a  fairly  good 
example  of  a  simple  sound.  Simple  sounds  all  have  the 
same  quality,  differing  only  in  loudness  and  pitch. 

(a.)  A  series  of  Helmholtz's  resonators  enables  the  student  of 
acoustics  to  analyze  any  compound  sound.  Each  component  tone 
may  be  reproduced  by  a  tuning-fork  of  appropriate  pitch.  By 
sounding  simultaneously  the  necessary  number  of  forks,  each  of 
proper  pitch  and  with  appropriate  relative  intensity,  Helmholtz 
showed  that  the  sounds  of  musical  instruments,  including  even  the 
most  wonderful  one  of  all  (the  human  voice),  may  be  produced 
synthetically. 

530.   Classes    of   Musical    Instruments. — 

Musical  instruments  may  be  divided  into  two  classes^ 
stringed  instruments  and  wind  instruments.  The  sounds 
sent  forth  by  stringed  instruments  are  due  to  the  regular 
yihratioBs  of  solids;  those  sent  forth  by  wind  instruments, 
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to  the  regular  vibrations  of  columns  of  air  confined  in 
sonorous  tubes. 

531.  Sonorous  Tubes.— The  material  of  which  a 
sonorous  tube  is  made  does  not  aflfect  the  pitch  or  loud- 
ness of  the  sound,  but  does  determine  its  timbre  or 
quality.  Sonorous  tubes  are  called  mouth  pipes  or  reed 
pipes,  according  to  the  way  in  which  the  column  of  air  is 
made  to  vibrate. 

53^.  Stopped  Pipes. — A  sonorous  tube  may  have 
one  end  stopped  or  both  ends  open.  In  either  case,  the 
tones  are  due  to  waves  of  condensation  and  rarefaction 
transmitted  through  the  length  of  the  tube.  In  a  stopped 
pipe,  the  air  particles  at  the  closed  end  have  no  oppor- 
tunity for  vibration ;  this  end  of  the  tube  is,  therefore,  a 
node.  The  mouth  of  the  tube  affords  opportunity  for  the 
greatest  amplitude.  The  length  of  such  a  pipe  is  one- 
fourth  the  wave  length  of  its  fundamental  tone. 

533.  Open  Pipes. — ^In  an  open  pipe,  the  ends 
afford  opportunity  for  the  greatest  amplitude ;  the  node 
will  fall  at  the  middle.  The  air  column  will  now  equal 
one-half  the  wave  length;  the  tone  will  be  an  octave 
higher  than  that  produced  by  a  stopped  pipe  of  the  same 
length. 

534.  Org^an  Pipes. — The  organ  pipe  affords  the 
best  illustration  of  mouth  pipes.  Fig.  284  represents  the 
most  common  kind  of  organ  pipe,  which  may  be  of  wood 
or  metal,  rectangular  or  cylindrical.  The  air  current  from 
the  bellows  enters  through.  P,^^&«fc^\\i\»^«aisiJ^^\iass^^ 
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3s  throngli  tbe  narrow  slit,  i,  aod  cecapes  in  puffs 
tn  a  and  h,  the  two  lips  of  the  mouth.  The  pafb 
le  to  the  fact  that  the  air  cur-  ^ 

rom  i  Btrikee  upon  the  bevelled 
and  breakB  into  a  flutter.  The 
g  sound  thus  produced  consists 
onfused  mixture  of  many  faint 
s.  The  lur  column  of  tbe  pipe 
■eaound  to  only  one  of  these 
Tbe  reeonaace  of  the  air 
in,  brought  about  in  this  way, 
tutes  the  tone  of  the  pipe. 

We   Bee,   from   the   above,   th&t    it 

little  difference  how  the  pulsea  of 

produced.  A  vibrating  tuning-fork 
t  the  mouth  of  a  pipe  of  the  Bame 
9  enough,  to  make  the  pipe  sound 
8  tone.  The  production  of  the  tone 
ctlj  analogous  to  the  pheuomena 
oed  in  §  613. 

5.  Beed   Pipes.— A  simple 

pipe  may  be  made  by  cutting 

36  of  wheat  straw  eight  inches  (20  cm)   long  so 

have  a  knot  at  one  end.      At  r,  about  an   inch 


Fig.  284. 


& 


iee 


Fig.  385. 
the  knot,  cut  inward  about  a  quarter  of  the  straw's 
ter;  turn  the  knife-blade  flat  and  draw  it  toward 
lot.  The  ati-ip,  rr',  thus  raised  is  a  reed ;  the  straw 
is  a  reed  pipe.  When  the  reed  is  placed  in  the 
1,  the  lips  Urmly  closed  around  the  straw  ()etween 
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r  and  8  and  the  breath  driven  through  the  apparatus^  the 
reed  vibrates  and  thus  produces  vibrations  in  the  air  col- 
umn of  the  wheaten  pipe.  Notice  the  pitch  of  the  musical 
sound  thus  produced.  Cut  off  two  inches  from  the  end 
of  the  pipe  at  a.  Blow  through  the  pipe  as  before  and 
notice  that  the  pitch  is  raised.  Cut  off,  now,  two  inches 
more,  and  upon  sounding  the  pipe  the  pitch  will  be  found 
to  be  still  higher.  We  thus  see  that  the  pipe  and  not  the 
reed  determines  the  pitch.  In  these  three  cases  we  had 
the  same  reed  which  was  obliged  to  adapt  itself  to  the 
different  vibrations  of  the  different  air  columns. 

(a.)  It  will  be  easily  seen  how  reeds  may  be  used  in  riasical 
instruments.  The  accordeon,  clarionet  and  vocal  apparatus  are  reed 
instruments. 

536.  Effect  of  Lateral  Openings.  —  Certain 
wind  instruments,  like  the  flute,  fife  and  clarionet,  have 
holes  in  the  sides  of  the  tube.  On  opening  one  ol  these 
holes,  opportunity  is  given  for  greatest  amplitude  at  that 
point.  This  changes  the  distribution  of  nodes,  affects  the 
length  of  the  segments  of  the  vibrating  air  columns,  and 
thus  determines  the  wave  length  or  pitch  of  the  tone. 

Exercises. 

1.  If  a  musical  sound  be  due  to  144  vibrations,  to  how  many  vibia- 
tions  will  its  8d,  5th  and  octave,  respectively,  be  due? 

2.  Determine  the  length  of  a  tube  open  at  both  ends  that  can 
resound  to  the  tone  of  a  tuning-fork  vibrating  512  times  a  second. 

3.  A  certain  string  vibrates  100  times  a  second,  (a.)  Und  the 
number  of  vibrations  of  a  similar  string,  twice  as  long,  stretched 
by  the  same  weight.    (&.)  Of  one  half  as  long. 

4.  A  certain  string  vibrates  100  times  per  second.  Find  the  num- 
ber of  vibrations  of  another  string  that  is  twice  as  long  and  weighs 
four  times  as  much  per  foot  and  is  stretched  by  the  same  weight. 

5.  A  musical  string  vibialea  ^^  \im<e;^  «>  ^nncsii^  ^\9bi(ie^^\^hai 
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akes  place  when  the  string  is  lengthened  or  shortened  with  no 
•hange  of  tenuon,  and  (&.)  what  change  takes  place  when  the  tension 
\a  made  more  or  less,  the  length  remaining  the  same. 

6.  A  tube  open  at  both  ends  is  to  produce  a  tone  corresponding 
(a.)  to  32  vibrations  per  second.  Taking  the  velocitj  of  sound  as 
1120  ft.,  find  the  length  of  the  tube.  (&.)  If  the  number  of  vibra- 
tions  be  4480,  find  the  length  of  the  tube. 

7.  (a.)  Find  the  length  of  an  organ  pipe  whose  waves  are  four 
feet  long,  the  pipe  being  open  at  both  ends.  (&.)  Find  the  length, 
the  pipe  being  closed  at  one  end. 

8.  A  tuning-fork  produces  a  strong  resonance  when  held  over  a 
jar  15  inches  long,  {a, )  Find  the  wave  length  of  the  fork.  (&.)  Find 
the  wave  period. 

0.  If  two  tuning-forks  vibrating  respectively  256  and  259  times 
per  second  be  simultaneously  sounded  near  each  other,  what  phe- 
nomena would  follow  ? 

10.  A  musical  string,  known  to  vibrate  400  times  a  second,  gives 
a  certain  tone.  A  second  string  sounded  a  moment  later  seems  to 
give  the  same  tone.  When  sounded  together,  two  beats  per  second 
are  noticeable,  {a.)  Are  the  strings  in  unison?  (&.)  If  not,  what  is 
the  rate  of  vibration  of  the  second  string  ? 

11.  If  a  tone  be  produced  by  256  vibrations  per  second,  what  num- 
bers will  correspond  to  its  third,  fifth  and  octave  respectively? 

12.  If  a  tone  be  produced  by  264  vibrations  per  second,  what 
number  will  represent  the  vibrations  of  the  tone  a  fifth  above  its 
octave.  An9,  792. 

Recapitulation. — In  this  section  we  have  considered 
the  Telephone  and  Phonograph ;  Sympa- 
thetic Vibrations  and  the  Resonance  of 
Sounding  Boards  and  Air  Columns  ;  Ile- 
inforcement  and  Interference  of  superposed 
waves,  including  the  phenomenon  of  Beats ;  Vi- 
brating Strings ;  The  Musical  Scale  and  its 
relation  to  Number  of  Vibrations  and  Pitch  ; 
Timbre  and  its  dependence  upon  Fundamentals 
and  Harmonics ;  Simple  and  Compound 
Tones,  their  Synthesis  and  Analysis;  Musi- 
cal Instruments 


410  BJBVIEW. 


Eeview  Questions  and  Exebcisbs. 

1.  (a.)  Define  sound ;  (&.)  give  its  cause ;  (c.)  mode  of  propagatioo 
and  (d.)  velocity. 

2.  (a.)  Give  tlie  rate  at  which  sousd  is  transmitted  in  air.  (&.J 
How  is  it  afiected  by  temperature?  {c.)  Give  the  law  of  Reflection. 
(d,)  How  may  it  be  illustrated? 

8.  (a.)  What  is  capillary  attraction  ?  (&.)  Give  three  illustratioDB 
of  the  importance  of  capillary  action  in  the  operations  of  nature. 

4,  (a.)  Describe  an  experiment  showing  the  expansibility  of  the 
air.    (6.)  Give  the  laws  of  the  Pendulum, 

6.  (a.)  On  what  does  the  loudness  of  sound  depend  ?  (p.)  How 
may  the  pitch  of  strings  be  varied  ?  (c)  Give  the  relative  number 
of  vibrations  in  the  major  diatonic  scale  and  (d.)  find  the  number  of 
vibrations  for  A2. 

6.  (a.)  Represent  by  a  diagram,  a  lever  of  the  first  class,  in  which 
©ne  pound  will  balance  five.     (&.)  Give  the  laws  of  falling  bodies. 

7.  Explain  the  Artesian  well  by  a  diagram. 

8.  {a.)  What  wUI  be  the  momentum  of  a  ball  weighing  two  ounces 
after  falling  4^  seconds  ?  (&.)  A  stone  weighing  20  lb.  on  the  sar- 
face  of  the  earth,  would  weigh  how  much  at  an  elevation  of  200O 
miles  from  the  surface  ? 

9.  Define  (a.)  wave  length;  (6.)  wave  period;  (c.)  amplitude  of 
vibration  ;  {d,)  phase  of  a  vibrating  particle. 

10.  {a.)  What  would  be  the  effect  of  making  a  small  hole  at  the 
highest  point  of  a  siphon  in  action  ?  (&.)  What  efiect  upon  the  action 
of  a  siphon  would  be  produced  by  carrying  it  up  a  mountain  ?  (c.) 
What  effect  would  follow  if  the  atmosphere  were  suddenly  to  become 
denser  than  the  liquid  being  moved  ? 

11.  Describe  {a)  a  complete  sound  wave  and  (6.)  its  manner  of 
propagation,  (c.)  How  does  the  transmission  of  soand  through  a 
smooth  tube  differ  from  itsTtransmission  through  the  open  air  ? 

12.  Give  the  laws  for  pressure  of  liquids  and  explain  each  hy 
some  fact  or  experiment. 

13.  (a.)  Distinguish  clearly  between  noise  and  music.  (6.)  What 
is  meant  by  timbre?    (c.)  By  pitch  ? 

14.  Give  three  examples  of  musical  sounds  that  agree  in  one 
and  differ  in  two  elements  or  characteristics,  making  a  different  ele- 
ment agree  each  time. 

15.  Give  three  examples  of  musical  sounds  that  difller  in  one  and 
Agree  in  two  elements,  making  a  ^\S6t^ii\>  ^«ci<sqX  ^^ffisst  %^k3&.'^&s&&. 
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16.  (a.)  Wliat  are  sjinpathetic  vibrations?  (6.)  How  may  they  be 
produced?    (c.)  What  are  beats?    {d.)  How  may  they  be  produced? 

17.  (a.)  What  is  Archimedes'  Principle  ?  (6.)  How  is  it  applied  in 
finding  the  specific  gravity  of  a  solid  ? 

18.  How  much  water  per  hour  will  be  delivered  from  an  orifice  of 
2  inches  area  49  feet  below  the  surface  of  a  tank  kept  full  ? 

19.  Describe  the  telephone. 

20.  (a.)  Describe  the  electrophorus.     (&.)  Explain  its  action. 

21.  (a.)  Describe  an  organ  pipe.    (&.)  Make  a  reed  pii)e. 

22.  (a.)  Explain  the  charging  of  the  Leyden  jar;-  (b.)  when 
charged,  what  is  the  electric  condition  of  the  outside  and  inside  of 
the  jar? 

23.  (a.)  A  body  falls  for  six  seconds ;  find  the  distance  traversed 
in.the  last  two  seconds  of  its  fall.  (6.)  How  far  will  a  body  fall  in 
^  of  a  second  beginning  at  the  end  of  four  seconds  ?  (c.)  Explain 
the  "kick  "of  a  gun. 

24  {a.)  Show  that  if,  in  an  Attwood's  machine,  one  weight  be  | 
88  heavy  as  the  other,  its  increment  of  velocity  will  be  ^  that  of  a 
freely  falling  body.  (&.)  That  if  the  lighter  weight  be  f  of  the 
heavier,  its  increment  of  velocity  will  be  ^  ^. 

25.  A  telegraph  line  from  New  York  City  to  Meadvilh^  Pa.,  is  51(1 
miles  long.  The  wire  has  a  resistance  of  4  ohms  per  mile.  There 
are,  on  this  line,  19  relays  of  150  ohms  each  and  one  repeater  of  250 
ohms.  The  current  is  supplied  by  a  series  of  40  gravity  cells  with 
an  E.  M.  F.  of  1  volt  each.  Suppose  that  the  battery  and  the 
ground  and  other  connections  oflfer  a  resistance  of  574  ohms.  What 
is  the  strength  of  the  current?  Ana,  7  milliamperes. 

26.  Explain  the  electrical  phenomena  described  Id  §  323  (6). 

27.  An  arc  lamp  has  a  difference  of  xx)tential  of  36  volts  between 
the  carbon  tips.  The  resistance  of  the  arc  is  3.6  ohms,  (a.)  What 
18  the  coiient  strength  ?  (&.)  What  amount  of  heat  is  developed  in 
ihy.  arc  per  second. 

Ana,  («.)  10  amperes  ;  (6.)  86.4  lesser  calories. 

28.  A  coil  of  fine  wire  with  a  resistance  of  46.64  ohms  was  placed 
in  100  grams  of  ice-cold  water.  A  current  from  a  .ories  of  50 
voltaic  cells  was  sent  through  the  wire  for  10  minutes.  Each  cell 
had  an  E.  M.  F.  of  1  volt  and  a  resistance  of  6  ohms.  [The*  water 
would  not  short  circuit  the  wire.  See  Appendix  K  (2)].  {a.)  What 
was  the  current  strength  ?  (6.)  Find  the  rise  of  tem[)erature  of  the 
water  assuming  that  no  heat  is  lost  by  the  water. 

Am.  (a.)  0.144  amperes ;  (p.)  1.39«>  C. 
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TEMPERATURE,  THERMOMETERS,    EXPANSION. 

537,  Introductory  Quotation.— "There  are  other forcaia 
besides  gravity,  and  one  of  the  most  active  of  these  is  chemical  affin- 
ity. Thus,  for  instance,  an  atom  of  oxygen  has  a  very  strong  attrac 
tion  tor  one  of  carbon,  and  we  may  compare  these  two  atoms  to  the 
earth  and  a  stone  lodged  upon  the  top  of  a  house.  Within  certain 
limits,  thip  attraction  is  intensly  powerful,  so  that  when  an  atom  of 
carbon  aad  one  of  oxygen  have  been  separated  from  each  other,  we 
have  a  species  of  energy  of  position  just  a£  truly  as  when  a  stone 
has  been  separated  from  the  earth.  Thus  by  having  a  large  quan- 
tity of  oxygen  and  a  large  quantity  of  carbo^^  in  separate  states,  we 
are  in  possession  of  a  large  store  of  energy  of  position.  When  we 
allowed  the  stone  and  the  earth  to  rush  together^  the  energy  of 
position  was  transformed  into  that  of  actual  motion  (§  159),  and  we 
should  therefore  expect  something  similar  to  happen  when  the 
separated  carbon  and  oxygen  are  allowed  to  rush  together.  This 
^kes  place  when  we  bum  coal  in  our  fires,  and  the  primary  result, 
as  far  as  energy  is  concerned,  is  the  production  of  a  large  amount  of 
heat.  We  are,  therefore,  led  to  conjecture  that  heat  may  denote  a 
motion  of  particles  on  the  small  scale  just  as  the  rushing  together  of 
the  stone  and  the  earth  denotes  a  motion  on  the  large.  It  thus 
appears  that  we  may  have  invisible  molecular  energy  as  well  as 
visible  mechanical  energy** — Balfour  Stewart, 

538.  Wliat  is  Heat  "i—Heat  is  a  form  of  en- 
ergy.   It  consists  of  vibratory  motions  of  the  mole- 

ciUes  of  matter  or  results  froTa  suboh*  TfvaUoi>*%,  \wN3k 
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fiues  rise  to  the  well  known  sensations  of  warmth 
and  cdd.  By  means  of  these  effects  upon  the  animal 
body  it  is  generally  recognized.  Being  a  form  of  energy, 
it  is  a  measurable  quantity  but  not  a  material  substance. 

539.  What  is  Temperature  ?—:7%'6  tempera^ 
iure  of  a  body  is  its  state  considered  with  refer- 
mce  to  its  ability  to  communicate  heat  to  other 
bodies.  It  is  a  term  used  to  indicate  how  hot  or  cold 
a  body  is.  When  a  body  receives  heat  its  temperature 
generally  rises^  but  sometimes  a  change  of  condition 
(§  53)  results  instead.  When  a  body  gives  up  heat^  its 
temperature  falls  or  its  physical  condition  changes. 

640.  An  Unsafe  Standard.— When  we  put  a  very  warm 

iiand  into  water  at  the  ordinary  temperature,  we  say  that  the  water 

Ib  cold.    If  another  person  should  put  a  very  cold  hand  into  the 

Bame  water  he  wonld  say  that  the  water  is  warm.    If  a  person  place 

iae  hand  in  water  freezing  cold  and  the  other  hand  in  water  as  hot 

IS  he  can  endure,  and,  after  holding  them  there  some  time,  plunge 

them  simultaneously  into  water  at  the  ordinary  temperature,  the 

band  from  the  cold  water  feels  warm  while  the  hand  from  the  hot 

Water  feels  cold.    These  experiments  show  that  bodily  sensations 

cannot  be  trusted  to  measure  this  form  of  energy  that  we  call  heat. 

541.  Thermometers.  —  An  instrument  for 
measuring  temperature  is  called  a  thermometer. 
The  mercury  thermometer  is  the  most  common.  Its  ac- 
tion depends  upon  the  facts  that  heat  expands  mercury 
more  than  it  does  glass,  and  that  when  two  bodies  of  dif- 
ferent temperatures  are  brought  into  contact,  the  warmer 
one  will  give  heat  to  the  colder  one  until  they  have  a  com- 
mon temperature. 

643.  Graduation  of  Thermometers.— Ther- 
mometers are  graduated  in  different  ways,  but  in  all  cases 
there  are  two  Bxed  points,  viz.,  the  freezing  and  the  boiling 
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points  of  water ;  or,  more  accnrately,  the  temperature  of 
melting  ice  and  the  temper- 
ature  of  steam  as  it  escapes 
from  water  boiling  nuder 
a  pressure  of  one  atmos- 
phere. 

543,  Determination 
of  the  Freezing  Point.— 
Ice  in  contact  with  water  cannot 
be  raised  above  a  certidn  tem- 
peratare ;  water  in  contact  with 
Ice  cannot  be  reduced  below  the 
same  temperature.  Here,  then, 
is  a  temperature  filed  and  easily  ^ 
produced.  The  thermometer  is 
placed  in  melting  ice  or  snow 
contained  in  a  perforated  yeHsel. 
When  the  morcury  column  has  come  to  rest,  a  mark  is  made  on  the 
glaea  tube  at  the  level  of  the  mercury.  This  point  is,  for  the  sake 
of  brevity,  called  the  freezing  point, 

544.  Determination    of  the    Boiling   Point,— The 

temperature  o(  steam  Issuing  l^om  water  boiling  under  any  given 
pressure  is  invariable.  Fig.  287  represents  a  metid  vessel  In  which . 
water  is  made  to  boil  briskly.  The  thermom- 
et«r  being  supported  as  represented  is  sur- 
rounded by  the  steam  but  does  not  touch  the 
water.  That  the  steam  may  not  cool  before 
it  comes  into  contact  witli  the  thermometer, 
the  sides  of  the  vessel  are  surrounded  by  what 
is  called  e.  "  steam-jacket."  A  bent  tube  open 
at  both  ends  and  containing  mercniy  in  the 
bend  is  sometimes  added.  When  the  mercury 
stands  at  the  same  level  in  both  arms,  the 
pressare  upon  the  surface  of  the  boiling  liquid 
8  just  equal  to  the  external  atmospheric  prea- 
lure,  which  should  be  780  mm.  When  the 
•  mercury  column  has  come  lo  rest,  a  mark  is 
made  on  the  glass  tube  at  the  level  of  the 
mercury.  This  point  is,  for  the  sake  ol 
Fig.  287.  bievity,  caU«&  \.\i«\xyi\ai% vAa^ 
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545.  Thermometrie   Scales^— There  are   two 

scales  used  in  this  conntij,  the  centigrade  and 
Fahrenheit's.  For  these  scales,  the  fixed  points,  de- 
termined as  JQst  explained,  are  marked  as  follows  t 

Freezing  pointy         0^  82^ 

BoiUng  point,        lOO""  212'' 

The  tabe  between  these  two  points  is  divided 
into  100  eqnal  parts  for  the  centigrade  scale  and 
into  180  for  Fahrenheit's.  Hence  a  change  of 
temperatnre  of  5^  0.  is  equal  to  a  change  of  9^  F^ 
or  an  interval  of  one  centigrade  degree  is  eqnal  to 
Fig.  288.  ^^  interval  of  f  of  a  Fahrenheit  degree. 

546.  Thermometrie  Readings. — To  change 
the  readings  of  a  centigrade  thermometer  to  those  oi 
Fahrenheit's,  or  vice  versOf  is  a  little  more  complicated 
than  to  determine  the  relation  between  the  intervals  of 
temperature.  This  complication  arises  from  the  fact  that 
Fahrenheit's  zero  is  not  at  the  freezing  point  but  32  de- 
grees below.  To  reduce  Fahrenheit  readings  to  centigrade 
readings,  subtract  32  from  the  number  of  Fahrenheit  de- 
grees and  multiply  the  remainder  by  |. 

a  =  g(^.-8a). 

To  reduce  centigrade  readings  to  Fahrenheit  readings, 
multiply  the  number  of  centigrade  degrees  by  |  and  add  32 

F.  =  lo.  +  82. 
o 

(a.)  Suppose  that  we  desire  to  find  tlie  equivalent  centigrade 
reading  for  50°  F.  Subtracting  32,  we  see  that  this  temperature  U 
18  Fahrenheit  degrees  above  the  freezing  point.  But  one  Fahren- 
heit  degree  being  equal  to  f  of  acenticrrade  defl;ree.  this  temperaturtf 
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h  (  of  18.  or  10  oentlgnde  degrees  abnTO  the  freesiiig  pcdnt    Heiio^ 
the  reading  will  be  10**  C. 

(5.)  Suppose  tkat  we  desire  to  find  the  equivalent  FahrenheU 
Heading  for  45°  0.  This  temperature  is  45  centigrade  degrees  above 
tlie  freezing  point,  or  81  Fahrenheit  degrees  above  the  freezing 
point.  Hence  the  reading  will  be  (81  +  82  =:)  113"  F.   (See  Fig.  288.) 

(c.)  The  centigrade  thermometer  is  the  most  convenient  and  'm 
vdopted  in  all  countries  as  the  standard  scale  for  scientific  reference 
Like  the  metric  system,  its  general  use  in  this  country  is  probablj 
only  a  question  of  time. 

Nate, — It  is  desirable  that  this  class  be  provided  with  several 
"chemical"  thermometers;  i.  e.,  thermometers  having  the  scale 
Viarked  on  the  glass  tube  instead  of  a  metal  frame. 

547.  Differential  Thermometer.— Leslie's  dif* 
flBrential  thermometer  (Fig.  289)  shows  the  difference  in 
temperature  of  two  neighboring  places  by 

the  expansion  of  air  in  one  of  two  bulbs. 
These  bulbs  are  connected  by  a  bent  glass 
tube  containing  some  liquid  not  easily 
volatile.  It  is  an  instrument  of  simple 
construction  (See  Appendix,  R.)  and  great 
delicacy  of  action,  but  has  been  largely 
superseded  by  the  thermopile  and  galvan- 
ometer (§§  421,  418). 

548.  Expansion. — Heat   consists 
generally  of  molecular  Tibrations.    What-       JPia  289. 
ever  raises   the  temperature  of  a  body 

increases  the  energy  with  which  the  molecules  of  that 
body  swing  to  and  fro.  These  molecules  are  too  small  (§  5), 
and  their  range  of  motion  too  minnte  to  be  visible,  and  we 
must  call  upon  our  imaginations  to  make  good  the  defect 
of  our  senses.  We  must  conceive  these  invisible  molecules 
as  held  together  by  the  force  of  cohesion,  yet  vibrating 
to  and  fro.    The  more  mtew^^  ^3cv^  \i«^>iJfta  ^l^<^dkfs(.^^ 
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energy  of  theee  molecular  motions.     Molecules  thns  yi« 

brating  most  push  each  other  further  apart,  and  thus  cause 

the  body  which  they  constitute  to  expand.    Tliis  expansion, 

(NT  increase  of  volume^  is  the  first  efiect  of  heat  upon 

bodies. 

(0.)  Ima^e«  if  x>0fl8ible,  twenty-five  quiet  boys  standing  cloeely 
crowded  together.  Upon  the  floor  draw  a  chalk  line  enclosing  the 
gronp.  If  these  hoys  be  suddenly  set  shaking,  as  by  the  ague,  they 
will  force  some  of  their  number  over  th^  chalk  line.  From  the 
motions  of  the  indiyiduals  has  resulted  an  expansion  of  the  Uving 
mass. 

549.  Expansioii  niustrated. — The  expansion  of 
solids  may  be  shown  by  a  ball^  which,  at  ordinary  tempera- 
tures, will  easily  pass  through  a 
ring ;  on  heating  the  ball  it  will 
no  longer  pass  through  the  ring. 
If  the  ball  be  cooled  by  plung* 
ing  it  into  cold  water,  it  will 
again  pass  through  the  ring 
This  illustrates  the  increase  oi 
volume  or  cubical  expansion. 
Sometimes  the  expansion  in 
length  only  is  measured.  This 
is  called  linear  expansion.  Ex- 
pansion is  also  illustrated  in  the 
*  Pig.  290.  compensation  pendulum  (§  149). 

660.  Unequal  Expansion.— Different  substances 
expand  at  different  rates  for  the  same  change  of  temper- 
%ture.  This  may  be  shown  by  heating  a  bar  made  by 
riveting  together,  side  by  side,  two  thin  bars  of  equal  size, 
one  of  iron  and  one  of  brass,  so  that  the  compound  bar 
sbaU  he  Btraight  at  the  ordinary  temperature.    As  brasfi 
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expands  and  contracts  more  than  iron,  when  the  componnd 

bar  is  heated  it  will  curve  with  the  brass  on  the  convei 

iide ;  when  it  is  cooled,  it  will  curve  with  the  brass  on  the 

concave  side. 

(a.)  Glass  and  platinum  expand  nearly  alike.     In  fact,  the 
of  expansion  are  so  nearly  alike  that  platinum  wires  may  be 
into  glass  tubes,  as  is  done  in  electrolysis  apparatus  and^Budii 
[f  we  attempt  thus  to  fuse  copper  wire  into  glass,  the  f^jum 
broken  during  the  unequal  contraction  from  cooling. 

551.    Practical   Applications   of  Bxpuud^ 

energy  of  expansion  and  contraction  of  solids,  when 
cooling,  is  remarkable.  This  expansion  of  metals  by  hcetj 
utilized  by  coopers  in  setting  hoops,  by  wheel¥n:ightB  in 
tires,  and  by  builders  in  straightening  bulging  WdUs. 
iron  rails  of  our  railways  are  laid,  a  smaU  space  is  left 
ends  of  each  two  adjoining  rails  to  provide  for  their 
expansion  by  the  summer  heat.  The  iron  tubular  bridge  Oiver  llkjl 
Menai  Sti  aits  is  about  1800  feet  long.  Its  linear  exxMinsion  is  abiMII 
one  foot,  and  is  provided  for  by  placing  the  ends  of  the  hii|[e  talfii 
upon  rollers. 

552,.  Expansion  of  Liquids. — ^The  expansion  of 

fiquids  may  be  illustrated  as  follows:  Nearly  fill  a  Florence 
flask  with  water,  and  place  it  on  a  retort  stand  or  other 
convenient  support.  A  long  straw  is  supported  by  a  thread 
tied  near  one  end.  From  the  short  end  of  this  straw  lever 
is  suspended  a  weight  nearly  balanced  by  the  long  arm  of 
the  lever.  This  weight  hangs  in  the  neck  of  the  flask, 
and  rests  lightly  upon  the  surface  of  the  water  (§  238) 
By  placing  a  spirit-lamp  below  the  flask  the  water  may  be 
heated.  As  it  expands,  it  rises  in  the  neck  of  the  flask, 
raises  the  weight,  and  lowers  the  end  of  the  long  arm  of 
the  lever,  which  may  be  seen  to  move. 

/>53.    Anomalous   Expansion   of  Water.— 

Water  presents  a  remarkable  exception  to  the  general  rule. 
1/  water  at  0°C.  6e  fteated.it  umXl  cotbtract  xLxitil  ii 


reaehes  4'  C,  Ut  tempenUure  of  £reat«at  ctensUy, 
Seated  above  this  point  it  expands. 

(a.)  Thniiigh  the  coi4  of  &  Urge  Buk  paw  &  finr  gUm  tobo.  ETU 
Oe  flask  with  water  mt  the  ordinarj-  temperature,  and  Inaert  the 
cork  and  tube  eo  that  ths  water 
I  shall  rise  some  diHtance  in  the 
I  tube.  Plarotheflukinafreezinp 
I  mixture,  auch  B8  Bait  and  poanded 
The  wal«r  colnnm  in  the 
I  tabe  falls,  showing  that  the  water 
la  contracting.  But  before  the 
«r  freezes  the  coDttsction 
lea,  the  column  In  the  tube 
becomes  atatlonar7,  and  tlien  be- 
^na  to  rise  again.  This  shows 
that  water  does  not  contract  on 
bdng  cooled  below  a  certain  tem- 
perature, and  that  there  Is  a  tem- 
perature of  TniTiTniim  denaitT' 
■hove  the  freezing  point. 

lb.)  Fig.  291  lepresenta  a  glnst 
eflindu  with  two  thermometen 
Inserted  In  the  side,  near  the  top 
and  bottom,  bXA  anil  Jl.  Midwa; 
between  A  and  £  la  an  envelope  C,  which  may  be  filled  with  a 
fleeing  mlxtnie.  The  envelope  being  empty,  the  cylinder  Is  Slled 
with  water  at  0°  C,  and  pUced  in  a  room  at  the  ordinary  temper- 
atare,  abont  15°  C  As  the  water  molecnles  at  the  side  of  the 
^linder  become  warm,  they  fall,  and  B  soon  records  a  temperattue 
of  4°  C,  while  A  remains  at  0°.  This  shows  that  the  warm  water 
fidls  to  the  bottom.  It  falls  because  it  is  denser.  It  is  denser 
because  It  has  been  eon^faeted  bg  heat. 

If  the  experiment  be  varied  by  filling  the  cylinder  with  water  at 
the  ordinary  temperature,  and  0  with  a  freezing  mixture,  the  tem. 
peratnre  at  B  will  fall  rapidly,  while  it  falls  slowly  at  A.  This 
will  ixintlnne  until  A  reaches  4°  C,  when  A  begins  to  fall  more 
rapidly,  and  continnee  to  do  so  until  it  reaches  0°.  These  experi- 
Bients  show  that  water  is  heavier  at  I'C.  than  at  any  temperature 
above  or  below. 

554.  Besnlts  of  this  Exception. — This  prop 
triyof  water  is  of  great  importance.    We«  it  otherwise^ 
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the  ice  wonld  Aals.  and  destrey  everything  living  in  the 
water.  The  entire  body  of  vater  woald  soon  become  a 
solid  tnafis  which  the  heat  of  summer  could  not  wholly 
melt,  for,  as  we  Bhall  sooqseo,  water  has  little  power  to 
carry  lieab  downward.  As  it  ie^  in  even  the  coldest  winters, 
'  the  mass  of  water  in  our  northern  lakes  remains  at  a  tern- 
[loratare  of  4°C.,  the  colder  water  floats  upon  the  wanner 
layer,  ice  forma  over  all,  and  proteots  the  living  tbuigs 
below. 

555.  Expansion  of  Ceases. — The  expanaon  of 
gases  may  be  shown  by  partly  filling  a  bladder  with  cold 
nir,  tying  up  the  opening,  and  placing  the  bladder  neat 
the  fire.  The  expanded  air  will  fill  the  bladder.  Through 
the  cork  of  a  bottle  pass  a  small  glass  tnbe  aboat  a  foot 
long.  Warm  the  bottle  a  little  between  the  hands  and. 
place  a  drop  of  iuk  at  the  end  of  the  tube.  As  the  m 
contracts  the  ink  will  move  down  the  tnbe  and  form  a 
frictiouless  liquid  index. 
By  heating  or  cooling  the 
bottle  tlie  index  may  be 
made  to  move  up  or  down. 
If  a  closed  flask  having  a 
delivery  tube  terminating 
under  water  be  heat«d, 
some  of  tlie  expanded  air 
(rill  be  forced  to  escape, 
and  may  be  seen  bubbling 
through  the  water.  By 
"collecting  over  water" 
the  air  thus  driven  out, 
it  may  be  accurately 
(Fig.  29'i.-) 
U 
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556.  Practical  Results.— The  ascension  of  "  fire-bonoons" 

Uid  the  draft  of  chimneys  are  due  to  the  expansion  of  gases  by  heat 

When  the  air  in  the  chimney  of  a  stove  or  lamp  is  heated,  it  is  ren 

deied  lighter  than  the  same  bulk  of  sorroundiug  air,  and,  therefore* 

rises.   The  cooler  air  comes  in  to  take  its  placu  and  thus  f  cihIs  tlie  com 

bastion.    Sometimes  when  a  fire  is  first  lightiKl,  tlic  rhiumcy  is  at, 

cold  that  the  current  is  not  quickly  establitsliiHl  and  thu  smuke 

•^^scapes  into  the  room.    But  in  a  little  while  the  air  column  rise« 

and  the  usual  action  takes  place.    By  the  aid  of  a  good  thcrmometei 

it  may  be  shown  that  the  air  near  the  ceiling  of  a  room  is  warmer 

tiian  the  air  near  the  floor.     When  the  door  of  a  warmed  room  is 

left  slightly  ajar,  there  will  be  an  inward  current  near  the  floor  and 

an  outward  current  near  the  top  of  the  door.    These  currents  may 

be  shown  by  holding  a  lighted  candle  at  these  places.    Artiflcial 

ventilation  depends  upon  the  same  principles. 

557.  Bate  of  Gaseous  Expansion.— The  rate 
of  expansion  is  practically  the  same  for  all  gases,  viz., 
0.OO366  or  j\^  of  the  volnrae  at  0°  C,  for  each  centigrade 
degree  that  the  temperature  is  raised  abcve  the  freezing 
point    In  other  words,  a  liter  of  air  at  0°  C,  expands  to 


17.  +  .00366  Z.  at  r  0., 
1  /.  +  (.00366  X  2)  I.  at  2°  C. 


IZ.  +  (.00366  x3)Z.at3°C, 
1^  I  at  4**  C. 


Of  course,  if  we  use  Fahrenheit  degrees  the  expansion 
will  be  only  f  as  great,  or  about  ^^.  A  litre  of  gas  at  32°  P. 
expands  to  1^^  I  at  33**  P. ;  to  J|J  Z.  at  39°  R,  etc. 

558.  Absolute  Zero  of  Temperature.— 57^^ 

temperature  at  which  the  molecular  motions  conr 
stituting  heat  wholly  cease  is  called  the  absolute 
zero.  It  has  never  been  reached,  and  has  been  only  ap» 
proximately  determined,  but  it  is  convenient  as  an  ideal 
starting-point.  The  zero  point  of  the  thermometers  does 
not  indicate  the  total  absence  of  heat.  A  Fahrenheit 
thermometer,  therefore,  does  not  indicate  that  boiling 
water  ia  212  times  as  hot  as  ice  at  VS.\  a  centigrade 
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thermometer  does  not  indicate  that  boiling  water  has  100 
times  as  much  heat  as  water  at  1°  C. 

(a.)  Temperature,  when  reckoned  from  the  absolate  zero,  is  called 
absolute  temperature.    Absolute  temperatures  .re  obtained  by  add 
Ing  460  to  the  reading  of  a  Fahrenheit  thermometer,  or  273  to  the 
reading  of  a  centigrade  thermometer. 

669.  Temperature,  Volume  and  Pressure.— 

By  raising  a  gas  from  0°  C.  to  273°  0.,  its  volnme  will  be 
doubled.  To  reduce  the  gas  at  this  temperature  to  its 
original  volume,  the  original  pressure  must  be  doubled. 
From  our  knowledge  of  pneumatics  and  gaseous  expansion, 
we  are  able  to  solve  certain  problems  relating  to  the  volume 
of  gases  under  different  pressures  and  temperatures. 

lExanoiples. — (1.)  A  mass  of  air  at  0°  0.  and  under  an  atmos* 
pheric  pressure  of  30  inches,  measures  100  cu.  inches ;  what  wiU  be 
its  volume  at  40°  C.  under  a  pressure  of  28  inches  ?  First,  supposi 
the  pressure  to  change  from  30  inches  to  28  inches.  The  air  will 
expand,  the  two  volumes  being  in  the  ratio  of  28  to  30  (§  284).  In 
other  words,  the  volume  will  be  JJ  times  100  cubic  inches  or  107| 
cu.  in.  Next,  suppose  the  temperature  to  change  from  0"  C.  to 
40°  C.  The  expansion  will  be  ^f^  of  the  volume  at  0°  C. ;  the  volume 
'Will  be  1^\%  of  the  volume  at  0°  C.  l^j^^  times  107^  cubic  inchei 
=122|||  inches. — Ans. 

The  problem  may  be  worked  by  proportion  as  follows ; 

^  :  30    )       ^^                         28  :    30)       ^^ 
^     ^  .«  }• -2  100:  «.  OP V::  100:  ft 

or  o!!  *  oEo      Ai,  [lOO  :  a^  .'.  «  =  122.84  +  cu.  in. 

273  :  273  +  40  f 

(2.)  At  150°  C,  what  will  be  the  volume  of  a  gas  that  measures 
10  cu.  cm.  at  15°  C.  ? 

273  +  15  :  273  +  150  : :  10  :  x.         .'.  x  =  14.69  cu.  em. 

(3.)  If  100  cu.  cm.  of  hydrogen  be  measured  at  100°  C. ,  what  wil 
be  the  volume  of  the  gas  at  —100°  C? 

273  +  100  :  273  —  100  ;*.  100  •.  «•      '•  x^^&STV  ea.tfi^ 
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(4.)  A  ttter  of  aSr  Is  meMmred  wX  0**  G.  and  700  mm.  Whai  yolimi« 
riU  it  occupy  at  740  mm,^  and  15.5**  G  t 

tSI^S^^^'^}  ::1.000:«.       .-.«=  1085.34 cm. cm. 

Exercises. 

L  A  mbber  balloon,  capacity  of  1  liter,  contains  900  cu.  em,  of 
oxygen  at  0°  C.  When  heated  to  30''  C,  what  will  be  the  volume 
of  the  oxygen  ?  Ana.  998.9  eu.  cm. 

2.  If  170  volumes  of  carbonic  add  gas  be  measured  at  10°  C,  what 
will  be  the  volumf-  when  the  temperature  sinks  to  0°  C.  ? 

3.  A  certain  wei|s;ht  of  air  measures  a  liter  at  0°  C.  How  much 
will  the  air  expand  on  being  heated  to  100°  C?      Arts,  366.3  cu.  cm, 

4.  A  gas  has  its  temperature  raised  from  15''  C.  to  50^  C.  At  the 
latter  temperature  it  measures  15  liters.    What  was  its  original 

I   volume?  Ans,  13,374.6  ct*.  cm. 

'      5.  A  gas  measures  98  cu.  cm.  at  185°  F.    What  will  it  measure  at 
10"  C.  under  the  same  pressure  ?  Ans.  77 A7  eu.  em. 

6.  To  what  volume  will  a  liter  of  gas  contract  in  cooling  from 
42"  P.  to  32''  F.?  Ans.  980  cu.  cm. 

7.  A  certain  quantity  of  gas  measures  155  cu.  cm.  at  10^  C,  and 
mder  a  barometric  pressure  of  530  mm.  What  will  be  the  volume 
»tl8.7*'  C,  and  under  a  barometric  pressure  of  590  mm.'i 

8.  A  gallon  of  air  (231  cu.  in.)  is  heated,  under  constant  pressure, 
irom  0°  C.  to  60**  C.  What  was  the  volume  of  the  air  at  the  latter 
temperature  ?  Ans.  281.77  cu.  in. 

9.  A  fire  balloon  contains  20  cu.  ft.  of  air.  The  temperature  of 
the  atmosphere  being  15**  C.  and  that  of  the  heated  air  in  the  bal- 
loon being  75"  C,  what  weight,  including  the  balloon,  may  be  thus 
supported?    (See  Appendix  G.)  ^rw.  1,847  grains. 

10.  The  difference  between  the  temperatures  of  two  bodies  ia 
36"  F.    Express  the  difference  in  centigrade  degrees. 

11.  The  difference  between  the  temperatures  of  two  bodies  Ie 
85"  C.    Express  the  difference  in  Fahrenheit  degrees. 

12.  (a.)  Express  the  temperature  68°  F.  in  the  centigrade  scale 
(6.)  Express  the  temperature  20"  C.  in  the  Fahrenheit  scale. 

13.  What  will  be  the  tension  at  30°  C.  of  a  quantity  of  gas  which 
at  0"  C.  has  a  tension  of  a  million  dynes  per  sq,  em.,  the  volume 
remaining  the  same  ?    (§  69.)  Ans.  1109890  dynes. 

14  A  liter  of  gas  under  a  pressure  of  1013600  dynes  per  sq.  em, 
IS  allowed  to  expand  until  the  pressure  is  reduced  to  1000000  dynes 
per  sq.  em.  At  the  same  time,  the  temperature  is  raised  from  0°  C 
lo  100°  C.    Fhid  the  Gnal  volume.     Ans.  1385  cu.  em.  nearly. 
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Recapitulation. — ^In  this  section  we  have  considered 
the  Nature  of  Heat;  the  meaning  of  Tem- 
perature; Thermometers  and  their  graduation; 
the  determination  of  the  Freezing  and  Boiling 
Points;  thermometric  Scales  and  Readings; 
the  Differential  Thermometer;  Expansion 
of  Solids  ;  Expansion  of  Liquids,  especiallj 
the  Expansion  of  ^Vater  ;  the  Expansion  of 
Gases  and  the  Rate  thereof;  Absolute  Zero  ol 
temperature;  the  relation  between  Temperature 
Pressure  and  Volume. 


ECTION  n. 


LIQUEFACTION,    VAPORIZATION,    DISTILUTION. 

560.  Liquefaction. — In  the  last  section  we  learned 
that  heat  is  a  form  of  energy.  As  energy,  it  is  able  to 
perform  work,  such  as  overcoming  or  weakening  the  force 
of  cohesion.  It  is  well  known  that  when  a  solid  is  changed 
to  the  liquid  or  aeriform  condition,  or  when  a  liquid  is 
changed  to  a  vapor,  it  is  done  by  an  increase  of  heat,  and 
that  when  the  reverse  operations  are  performed,  it  is  by  a 
diminution  of  heat.  Cohesion  draws  the  particles  together; 
heat  pushes  them  asunder,  and  on  the  varying  preponder- 
ance of  one  or  the  other  of  these  antagonistic  powers,  the 
condition  of  the  body  seems  to  depend.  When  the  firm 
grip  of  cohesion  has  been  so  far  weakened  by  heat  that  the 
molecules  easily  change  their  relative  positions  (§  65),  the 
body  passes  from  the  solid  into  the  liquid  condition.  Thia 
change  of  condition  is  ca\\eA.\\Qjadafc\>^^^ 
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561.   liaws  of  Fusion.— It  has  been  found  by 

experiment  that  the  following  statements  are  trne; 

(1.)  Every  solid  begins  to  melt  at  a  certain  temperature 
which  is  invariable  for  the  given  aubatance  if  the  pressure 
be  coQstsnt.  When  cooling,  the  substance  will  solidify  at 
the  temperature  of  fusion, 

(3.)  The  temperature  of  the  solid,  or  liquid,  remains  at 
the  melting  point  from  the  moment  that  fusion  or  solidi* 
fication  begins  until  it  is  complete. 

{«.)  If  a  flask  containing  ice  bf!  placed  over  a  fire,  it  will  be  found 
that  tUe  hotter  the  fire  the  more  rapid  the  liquefaction,  bat  that  K 
8  of  tlie  flask  be  continually  etirred,  the  thermometet 
i  0°  C.  untU  the  iaat  bit  of  ice  is  melted  (§  543).     If 
Bulphur  be  ueed  instead  of  ice,  the  tem- 
perature will  remain  at  115°  C,  nntU  the 
Bulphur  is  all  melted.     (Fig.  393.) 

5«2.  Refcreuce  Tiihle  of  Melt- 
Ii^  Poluts ! 

,     -v                     Alcohol,    .    •    .    ,  Never  frozen. 

_53^               Mercury,      ....  — 38.8°C. 

Sulpturic  acid,   -     -  —344 

Ice, 0. 

Solphar,    ....  IIBL 

Zinc,      ....  43S 

Silver  (pure).     -    -    -       1,000 
Gold  (pure),    .     .     .         1,250 
Iron  (wrought),      -     ■       1.600 
„  Nate. — The  higher  tempetaturea  in  this 

'  "*  table    are    only    approximate.       Certain 

bodies  soften  and  become  plastic  before  they  melt.     In  this  condition 
glass  la  worked  and  Iror.  is  welded. 

563.  Vaporization. — If,  after  liquefaction,  further 
additions  of  heat  be  made,  a  point  will  be  reached  at  which 
the  heat  will  overbalance  both  the  cohesion  and  the 
pressure  of  the  atmosphere  and  the  liquid  pass  into  the 
oSriform  condition.    This  change  of  form  is  called  vapor- 
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izatioQ      Vaporization  may  be  of  two  kinds— eTaporation 
and  ebullition. 

564.  Evaporation.— ^wtporraiiore  signifies  the 
qibiet  formation  of  vapor  at  the  free  surface  of 
a  Uguid. 

(a.)  With  refeicDce  to  the  rapiditj  with  which  evapor&tlon  taket 
pbee,  it  may  be  remarked  that— 

(1.)  It  TarieB  with  the  temperatore. 
(3.)  It  varies  with  the  extent  of  enrface. 

(8.)  It  varies  with  pressure  apon  the  liquid,  bdng  exceedingly 
rapid  in  a  vacuam. 

565.  Evaporation  in  Vacao.— The  rapid  forma- 
tion of  vapors  in  a  Tacnnm  is  prettily  illuetrated  by  tha 

following  experiment : 
Torricellian  vacua  are 
fbrmed  at  the  top  of  four 
fcarometer  tubes.  A,  B, 
i?and/>,Fig-394.  Into 
the  month  of  B  pasa  a 
few  drops  of  water.  They 
will  rise  through  the  mer- 
cury to  the  vacuum  at 
the  top.  Upon  reaciiing 
this  open  space  they  are 
instantly  vaporized.  The 
tension  of  the  aqueous 
Tapor  shows  itself  by 
lowering  the  mercury 
column.  This  depression  ■ 
is  due    to    the   tension 

ratherthan  tothe  weight  "  ^"^ 

Df  the  vapor,  because  the 
wuter  weighs  searcels  atoYliimg  iiom.'gaiKii.  -^iSJik  tiift  i 
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it  diq)laoe&  Introdncing  the  same  quantity  of 
1  into  Cy  and  of  ether  into  Dy  they  are  instantly 
zed,  but  the  mercury  will  be  depressed  more  by  the 
il  than  by  the  water,  and  more  by  the  ether  than  by 
cohoL 

At  the  beginning  of  the  experiment,  the  four  merciuy 
IS  indicated  the  atmospheric  pressure ;  at  the  end  of  the 
nent,  the  column  in  A  indicated  the  fuU  pressure  of  the 
)here ;  the  colunms  \sil  B,  C  and  D  indicate  that  pressure 
the  tension  of  their  respective  vapors.  This  experiment 
dows  that,  aX  the  same  temperature,  the  vapors  of  different 
ha/oe  different  tensions, 

6.  Ebullition. — EbuUition,  or  boiling,  signi^ 
the  rapid  formation  of  vapor  bubbles  in  the 

mass  of  a  liquid. 
When  a  flask  con- 
taining water  i? 
placed  oyer  the  flame 
of  a  lamp,  the  ab- 
sorbed air  that  is 
generally  to  be  found 
in  water  is  driven  off 
in  minute  bubbles 
that  rise  and  escape 
without  noise.  As 
the  temperature  ol 
the  water  is  raised, 
the  liquid  molecules 
in  contact  with  the 
bottom  of  the  flask 
become  so  hot  that 
the  heat  is  able  to 
tme  the  cohesion  between  the  molecules,  the  pressure 
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fA  the  oreripng  water,  and  the  presanre  of  the  atmoephen 
above  the  water.     Then  the  water  boils. 

(a.)  Wlien  tlie  first  bubbles  of  steam  ore  formed  &t  the  bottom  d 
the  water,  thej  rise  tbrough  the  water,  condense  In  the  cooler  lajen 
above,  and  disappear  before  reaching  the  surface.  The  formation 
and  condensation  of  these  bnbbles  produce  the  peculiar  sound  known 
as  singing  or  simmering,  the  well-known  herald  of  ebulliUon, 
Finally,  the  water  becomes  heated  throughout,  the  bubbles  increaw 
in  number,  grow  larger  as  tbe^  ascend,  burst  at  the  surface,  uid 
disappear  in  the  atmosphere.  The  whole  liquid  mass  is  a^tated 
with  considerable  vehemence,  there  is  a  characteristic  uoisj  accom- 
paniment, tlie  quantity  of  water  in  the  flask  diminishea  with  evGiy 
bobble,  and  finally  It  all  disappears  aa  steam.  The  water  hu 
"boiled  away," 

HGt.  Lawa  of  Ebnllition. — It  has  been  foand  by 
experiment  that  the  following  statements  are  tnie 

(I.)  Every  liquid  begins  to  boil  at  a  certain  temperature 
which  is  invariable  for  the  given  sabstance  if  the  pressun 
be  constant.  When  cooling,  Iho  snbstanoe  will  liquefy  at 
the  temperature  of  ebuliitisn,  or  at  the  boiling  point. 

(2.)  The  temperature  of  the  liquid,  or  vapor,  remaini 
at  the  boiling  point  from  the  moment  that  it  begins  to 
boil  or  liquefy. 

(3.)  An  increase  of  pressure  raises  the  boiling  point;  a 
decrease  of  pressure  lowers  the  boiling  point 

(n.)  In  a  beakar  bill  toll  of  water,  place  a  ther- 
mometer and  a  test  tube  half  Blled  with  ether. 
Heat  the  water.  When  the  thermometer  shows  a 
temperature  of  about  60°  C„  the  ether  will  begin  to 
boii.  The  water  will  not  boil  until  the  temperature 
rises  10  100°  C.  The  temperature  will  not  rise  l»- 
yond  this  point. 
Fig.  396. 

5fi8.  Vapor  Pressure.— The  presBure 

of  a  vapor  (§383)  is  due  to  the  kinetic  energy  of  its  con- 
etitaeat  molecules.     "  As  a  \\<vviA  e,i«^t»^at  \a  *.  closed 
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Bpace,  the  vapor  formed  exerts  a  pressure  upon  the  enclosure 
and  upon  the  surface  of  the  liquid,  which  increases  as  long 
as  the  quantity  of  vapor  increases  and  reaches  a  maximum 
when  the  space  is  saturated.  This  maximum  pressure  of 
a  vapor  increases  with  the  temperature.  When  evapora- 
tion takes  place  in  a  space  filled  by  another  gas  that  has 
no  action  upon  the  vapor,  the  pressure  of  the  vapor  is 
added  to  that  of  the  gas  and  the  pressure  of  the  mixture 
is,  therefore,  the  sum  of  the  pressures  of  its  constituents." 

569.  Effect  of  Pressure  upon  Boiling  Point, 

— We  saw  in  §  566  that  when  a  liquid  is  boiled,  the  heat 
has  three  tasks  or  three  kinds  of  work  to  i)erfonn,  viz., 
overcoming  cohesion,  liquid  and  atmospheric  i)ressures. 
Nothing  can  be  more  evident  than  the  propositions  that 
increasing  the  work  to  be  done  involves  an  increase  in  the 
energy  needed  to  do  the  work ;  that  decreasing  tlie  work 
to  be  done  involves  a  decrease  in  the  energy  needed  to  do 
the  work.  In  the  case  of  boiling  any  given  liquid,  the  first 
of  the  three  tasks  can  not  be  varied  ;  either  of  the  ©tlier 
two  easily  may.  If  we  increase  the  pressure,  we  increase 
the  work  to  be  done. and,  therefore,  increase  tlie  necessary 
amount  of  heat,  the  only  form  of  energy  com])etent  to  do 
the  work.  If  we  lower  the  pressure,  we  lesson  the  work  to 
be  done  and,  therefore,  lessen  the  necessarv  amount  of 
heat.  This  means,  in  tlw3  first  case,  raising  the  boiling 
point ;  in  the  second  case,  lowering  the  boiling  point. 

570.  Franklin's  Experiment. — Tlio  boiHng  of 
water  at  a  temperature  below  100 '  C.  may  be  shown  as 
follows:  Half  fill  a  Florence  flask  with  water.  Boil  the 
water  until  the  steam  drives  the  air  from  the  upper  part 
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of  the  flask.  Cork  tightly,  remove  the  lamp  and  (nTert 
the  flask.  The  exclusion  of  the  air  may  be  made  mora 
certain  by  immersing  the  corked  neck  of  the  flask  in  water 
that  has  been  rccentlj 
boiled.  When  the  lamp 
was  remoTed,  the  tem- 
perature was  not  above 
100"  C.  By  the  time 
that  the  flask  is  inverted 
and  the  boiling  has 
ceased,  the  temperature 
will  have  fallen  below 
100°  C.  When  the  boil- 
ing stops,  pour  cold  .1 
water  apon  the  flask;  ] 
directly  the  boiling  be- 
r„.W  gin.  .gain. 

(a.)  Tlie  cold  water  poured  upon  the  flaak  lowers  the  temperc- 
ture  of  the  water  in  the  flnsk  Btil1  farther,  bat  It  also  oDdenses 
eome  of  the  steam  in  the  flaak  or  reduces  ita  teiu^on  (§  559).  Tlila 
reduction  of  the  te.':siou  li^sacne  the  nork  necessary  to  boiling.  There 
being  enough  heat  in  the  wutor  to  do  this  lessened  amount  of  nork, 
tho  water  again  boils  anii  increase  the  pressure  nntU  the  boiling 
point  is  raised  above  the  present  temperatare  of  the  water.  The 
flask  may  be  drenched  and  the  water  made  to  boil  a  dozen  Umes  In 
succession  with  a  single  beating.  I'he  experiment  may  be  made 
more  striking  by  plunging  the  whole  fiask  under  cool  water. 

571.  Pnpiii's  Digester. — At  high  olevatione  water  btrils  at 
a  temperature  Urn  low  for  culinnry  purposes.  Persons  living  there 
are  obliged  to  lH>il  m<'ats  and  vegotnbles  (if  at  all)  in  cloeed  veesela 
and  under  a  pressure  greater  than  that  of  the  atmosphere.  In  the 
arts,  a  higher  tempemture  than  100"  C.  is  sometimes  reqolied  for 
water,  as,  for  example,  in  the  extraction  of  ^latlne  from  boneo.  In 
a  closed  vessel,  water  may  \:)e  rKieed  \»  &  m'u^  \&;^\«t  \Km^Tataw 
than  in  the  open  tdi,  buX,  loi  iMaota  now  lAMiiok,  *««&««  qKB»s»>'^ 
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kept  boilinn^  in  saob  a  veeseL  Papin's  Digester  consiBto  of  a  metal 
veBsel  of  great  strength  covered  with  a  lid  pressed  down  by  a 
powerful  screw.  That  the  joint  may  be  more  perfect,  a  ring  oJ 
sheet  lead  is  placed  between  the  edges  of  the  cover  and  oi  the  vessel 
It  is  provided  with  a  safely  valve,  pressed  close  by  a  loaded  levee 
When  the  tension  of  the  steam  reaches  a  dangerous  point,  it  openi 
the  valve,  lifting  the  weight  and  thus  allowing  some  of  the  steam 
to  escape. 

(a.)  In  many  cases,  e,  g.,  sugar  refining,  it  is  desirable  to  boil  oi 
evaporate  a  liquid  at  as  low  a  temperature  as  possible.  The 
wor>'  is  th%n  done  in  a  tctcuum  pan  from  which  the  vapor  L 
pum>)ed,  the  tension  being  thus  reduced. 


672.  Marcet's  Globe.— Marcet's  globe  is  represented 
in  Fig.  298.  It  consists  of  a  spherical  metallic  boiler,  five 
or  six  inches  in  diameter,  provided  with  three  openings 
through  one  of  which  a  thermometer,  1\  passes ;  througl 
the  second  ofnvhich  a  glass  manometer  tube^  if,  passes ;  the 
third  opening  being  provided  with  a  stop-cock,  S.  The 
thermometer  and  manometer  tubes  fit  their  openings  so 
!dosely  that  no  st^m  can  escape  at  those  points.    The 

thermometer  bulb  is  exposed  directly  tc 

the  steam.   The  lower  end  of  the  manometei 

tube  dips  into  mercury  placed  in  the  lowei 

part  of  the  globe.    The  boiler  is  to  be  hall 

r         filled  with  water  and   heated  until  the 

water  boils,  the  stop-cock  being  open.    Ag 

long  as  the  stop-cock  is  open,  the  ther* 

A      mometer  will  not  rise  above  100°  C.     When 

\JJ^VpS      the  stop-cock  is  closed,  the  steam  accumu- 

JB^        lates,  the  pressure  on  the  water  increases 

■       the  thermometer  shows  a  rise  of  temperature 

beyond  100**  C.  higher  and  highex*  as  the 

mareniT   rises   in  the  manometer   tube^ 
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When  the  mercnry  in  the  manometer  tube  is  760  mm. 
above  the  level  of  the  mercury  in  the  boiler,  the  steam 
has  a  tension  of  two  atmospheres,  and  the  thermometer 
will  record  a  temperature  of  about  121°  C. 

573.  Concerning  Steam. — A  given  mass  of 
water  in  the  aeriform  condition  occupies  nearly 
1700  times  as  much  space .  under  a  pressure  of 
one  atmosphere  as  it  does  in  the  liquid  conditiorv. 
In  other  words,  a  cubic  inch  of  water  will  yield  nearly  a 
cubic  foot  of  steam.  Steam  is  invisible.  What  is 
comrnonly  called  steam  is  not  true  steam,  but  little  globules 
of  water  condensed  by  the  cold  air  and  suspended  in  it 
By  carefully  noticing  the  steam  issuing  from  the  spout  oi 
a  tea-kettle,  it  will  be  observed  that  for  about  an  inch  from 
the  spout  there  is  nothing  visible.  The  steam  there 
has  not  had  opportunity  for  condensation.  The  water 
particles  visible  beyond  this  space  passed  through  it  as 
invisible  steam.  The  steam  in  the  flask  of  Fig.  297  is 
invisible. 

674.  Reference  Tables.— Boiling  Points  under  a  pressoie 
of  one  atmospliere : 


Ammonia ••....  —40"  C. 

Sulphurous  anhydride. ..—  8 

Ether 85 

Carbon  bisulphide 48 


Alcohol 78°C. 

Water  (pure) 100 

Mercury 350 

Sulphur 447 


Some  solids,  as  iodine,  arsenic  and  camphor  vaporize  withoul 
visible  intermediate  liquefaction.    The  process  is  called  stMimatim 

Boiling  Points  of  water  at  different  pressures : 


Hiermometer, 

Barometer. 

Thermometer, 

AUnotpheres, 

184°  P. 

16.67G  inches. 

212"  P. 

1 

190 

18.992 

249.5 

8 

200 

23.454 

2733 

8 

210 

28.744 

318.2 

« 

212 

29.022 

I    356.6 

10 

fn9 

dl.TBO 

\    ^\^A 

ii^ 
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575.  Definition  of  Boiling:  Point.— We  onght 
now  to  be  fally  prepared  to  understand  that  the  boiling 
point  of  a  liquid  is  the  temperature  at  which  it 

gives  off  a  vapor  of  the  saws 

tension  as  the  surrounding  at* 

mosphere. 

{a.)  If  there  be  any  doubt  or  lack  of 
comprehension  of  this  proposition,  it  may 
be  removed  bj  the  following  experiment : 
A  glass  tabe,  bent  as  shown  at  A,  has  it6 
short  arm  closed  and  its  long  arm  open. 
The  short  arm  is  nearly  filled  with  mei^ 
cury,  the  space  above  the  mercury  being 
filled  with  water.  While  water  is  briskly 
boiling  in  a  flask,  the  bent  tube  is  sus- 
pended in  the  steam,  as  shown  in  Fig. 
299.  Part  of  the  water  in  the  bent  tube 
is  changed  to  vapor,  the  mercury  falls  in 
the  short  arm,  and  finally  aMwmeaths  8am$ 
Fig.  299.  Utd  in  both  branches. 

576.  Distillation. — ^Distillation  is  the  process  of 
vaporizing  a  liquid  in  a  heated  vessel  and  subsequently 
condensing  the  vapor  in  a  cool  vessel.  It  is  chiefly  used 
for  the  purpose  of  separating  a  liquid  from  a  solid  which  it 
holds  in  solution,  or  of  separating  a  mixture  of  two  liquids 
having  different  boiling  points.  The  process  depends  upon 
the  fact  that  different  substances  are  vaporized  at  different 
temperatures.  The  apparatus,  called  a  still,  is  made  in 
many  forms,  but  consists  essentially  of  two  parts — ^the  re- 
tort for  producing  vaporization,  and  a  condenser  for 
changing  the  vapor  back  to  the  liquid  form.  Fig.  300 
represents  one  form  of  the  apparatus.  It  consists  of  a 
retort,  aJ,  the  neck  of  which  is  connected  with  a  spiraJ 
tube,  ddy  called  the  worm.  The  worm  is  placed  in  a  vessel 
containing  water. 
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577.  DistiUation  of  a  Liquid  &om  a  Solid. 

—Suppose  that  water  is  to  be  separated  from  the  stJt  it 

bolds  io  solution.    The  brine  is  placed  in  a  retort  and 

heated  ti  little  above  SIS^F.    At  this  temperature  the 

water  is  vaporized  while  the  salt  is  not.    The  Eteam  il 

driven  from  the 

retort  through  the 

worm,  where  it  is 

rapidly  condensed 

and  passes  into  a 

vessel  prepared  to 

receive   it.      The 

salt    remains    in 

the    retort.      Of 

Bourse,  the  water 
ot  the  vessel  con- 
taming  the  worm 
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Blast  be  kept  oooL  This  is  done  by  constantly  feeding  i( 
at  the  bottom  with  cold  water,  as  explained  in  the  last 
article. 

(a.)  Fig.  901  lepreaentB  a  shnpler  fonn  of  apparatus  for  tliis  puf 
pose.  The  retort  is  a  Florence  flask,  the  delivery  tube  of  which 
passes  through  a  "water-jacket"  The  method  of  supplying  this 
condenser  with  cold  water  is  evident  from  the  figure.  Sometimes 
the  delivery  tube  passes  directly  into  a  vessel  placed  in  a  cold  water 
bath,  this  vessel  serving  as  both  condenser  and  receiver. 

578.  Distillation  of  a  Liquid  from  a  Liquid. 

—Suppose  that  fdoohol  is  to  be  separated  from  water. 
The  solution  is  placed  in  the  retort  and  heated  to  about 
90**  0.,  which  is  above  the  boiling  point  of  alcohol  but 
below  that  of  water.  The  alcohol  will  pass  over  in  a  state 
of  yapor  and  be  condensed,  while  the  water,  etc.,  remains 
behind.  In  practice,  the  alcohol  vapor  passes  over  charged 
with  a  certain  amount  of  steam.  A  receiver  placed  in  a 
bath  containing  boiling  water  is  interposed  between  the 
retort  and  the  worm  or  condenser.  In  this  receiver  the 
steam  condenses,  while  the  vapoi:  of  alcohol  passes  on  to 
the  worm  where  it  also  is  condensed.  This  process  is  known 
as  ''fractional  distillation.'' 

Recapitulation. — In  this  section  we  have  considered 
the  meaning  of  Liquefaction  ;  the  Laws  of  Fu- 
sion ;  the  meaning  and  kinds  of  Vaporization ; 
Evaporation  in  air  and  in  vacuo ;  Ebullition  and 
its  La^vs;  eflfect  of  Pressure  upon  the  boiling  point; 
Steam ;  definition  of  Boiling  Point ;  Distilla-* 
tion. 
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LATENT    AND    SPECIFIC    HEAT. 

579.  Thermal  Units. — In  §  538  it  was  stated  that 
heat  is  measurable ;  but  that  we  may  measure  it,  a  standard 
or  unit  of  measure  is  necessary.  A  thermal  or  heat 
unit  is  the  amount  of  heat  necessary  to  warm  a 
weight  unit  of  water  one  degree  above  the  freezing 
point.  The  weight  unit  generally  used  is  the  gram, 
kilogram  or  pound ;  any  other  weight  unit  may  be  used. 
The  degree  may  be  centigrade  or  Fahrenheit, 

(a.)  We  have  at  least  four  units  in  use.  They  are  the  amounts 
of  heat  necessary  to  warm 

(1.)  A  kilogram  of  water  from  0"  C.  to  V  C.    (A  calorie.) 
(2.)  A  gram  of  water  from  0°  C.  to  1°  C.    (A  lesser  calorie.) 
(3.)  A  pound  of  water  from  0"  C.  to  1"  C. 
(4.)  A  pound  of  water  from  32°  F.  to  33°  F. 

It  makes  no  practical  difference  which  unit  is  used,  excepting  so 
far  as  convenience  is  concerned,  but  the  unit  must  not  be  changed 
during  any  problem. 

580.  Two  Fruitful  Questions^  —We  have  already  se^ 
that  heat  melts  ice,  and  that  during  the  melttng  the  temperainie  ll 

constant ;  that  heat  boils  water,  and  that  daring  the  boiling  the 
temperature  is  constant.  One  feature  of  this  change  of  condition 
remains  to  be  noticed  more  fully.  Take  a  block  of  ice  with  a  tern- 
perature  of  —10"  C.  (14°  F.)  and  warm  it.  A  thermometer  placed  in 
it  rises  to  0°  C.  The  ice  begins  to  melt,  but  the  mercury  no  longei 
rises.  Heat  is  still  applied,  but  there  Is  no  increase  of  temperature; 
the  mercury  in  the  thermometer  remains  stationary  until  the  last 
particle  of  ice  has  been  liquefied.  Then,  and  not  till  then,  does  the 
temperature  begin  to  rise.  It  continues  to  do  so  until  the  ther< 
mometer  marks  100°  C.  The  liquid  then  begins  to  boil,  and  the 
temperature  a  second  time  becomes  fixed.  But  daring  all  the  time 
that  the  thermometer  stood  at  0°  C,  or  while  the  ice  was  melting, 
heat  was  given  by  the  lamp  and  received  by  the  Ice.  Why  then  did 
dot  the  temperature  riise  dxiAng  ^i^i'tt^>  \Amft>  Vasgwb^ ^V i«gvft&^\iv^thi 
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ttme  until  the  last  particle  of  ice  was  melted?  After  the  watei 
began  to  boil,  heat  was  continaously  supplied.  Why  then  was 
there  not  a  continued  increase  of  temperature  T 

581.  Molecular  Energries.— Heat  Is  a  form  of  energy  and 
may  be  kinetic  or  potentiaL  There  can  be  no  doubt  that  when  a 
liody  is  heated  its  molecules  are  tlirown  into  violent  motion,  and 
that  as  the  temperature  is  raised  the  energy  of  this  molecular  motion 
b  increased,  or  that  as  this  molecular  motion  is  increased,  the  tern 
perature  Is  raised.  But  some  of  this  molecular  energy  that  we  call 
heat,  instead  of  baing  used  to  set  the  molecules  of  the  body  in  motion, 
has  work  of  a  different  kind  to  perform.  That  part  of  the  heal 
which  is  spent  in  producing  molecular  vibrations,  which  increases 
the  temperature,  is  called  tenmUe  heat.  Another  part  is  employed 
in  pushing  the  molecules  of  the  body  asunder,  producing  expansion 
and  change  of  condition.  In  forcing  these  molecules  asunder,  in« 
▼iidble  energy  of  motion  is  changed  to  energy  of  position  as  truly 
and  as  necessarily  as  vlidble  energy  of  motion  is  changed  to  the 
potential  variety  in  throwing  or  carrying  a  stone  from  the  earth  to 
ihe  house-top.    (§  159.) 

582.  Transmutation  of  Molecular  Energy.— In  mosi 
eases,  but  little  of  the  heat  communicated  to  a  body  is  thus  changed 
to  potential  energy,  the  greater  part  remaining  energy  of  motion 
and  increasing  the  temperature.  But  there  are  certain  crises,  ot 
"  critical  occasions,"  on  which  the  greater  part  of  the  heat  communi- 
cated is  transformed  into  energy  of  position.  Thus,  at  the  melting 
point,  a  large  quantity  of  heat  maybe  given  to  ice  without  affecting 
the  temperature  at  all ;  instead  of  raising  the  tempemture,  it  merely 
melts  the  ice.  The  energy  used  has  been  changed  from  the  kinetic 
""jo  the  potential  variety.  In  like  manner,  at  the  boiling  point,  a 
iarge  quantity  of  heat  may  be  given  to  the  water  without  affecting 
the  temperature  at  all.  Instead  of  raising  the  temperature  further. 
it  merely  vaporizes  the  water,  and  the  steam  has  the  same  tempera* 
ture  as  the  water  from  which  it  came.  The  same  change  of  molec- 
ular energy  of  motion  into  molecular  energy  of  position  has  again 
taken  place.  This  heat,  which  is  thus  used  to  overcome  cohesion 
and  diange  the  condition  of  matter,  does  not  affect  the  temperature 
and  therefore  is  not  senmble,  but  is  stored  up  as  potential  energy 
and  thus  hidden  or  rendered  latent. 

583.  Definition  of  Latent  Tle3t.~The  latent 
heat  o/  a  substance  is  the  quantity  of  heat  that  is 
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lost  to  thermometrlo  meastirement  duHng  its  fique^ 
faction  or  vaporization,  or  the  amount  of  heat  thai 
must  be  communicated  to  a  body  to  change  its 
condition  mithout  changing  its  temperature.  It  may 
be  made  to  reappear  during  the  opposite  changes  after  any 
interval  of  time.  Many  solids  may  undergo  two  changes 
of  condition.  Such  solids  have  a  latent  heat  of  liquefac* 
tion  and  a  latent  heat  of  vaporization. 

584.  Latent  Heat  of  Fusion. — ^We  are  already 
familiar  with  the  fact  that  when  ice  or  any  other  solid  is 
melted  by  the  direct  application  of  heat,  mnch  of  the  heat 
is  rendered  latent  In  the  case  of  melting  ice  we  shall 
show  how  this  latent  heat  is  measured,  and  that  its  quan« 
tity  is  very  great  We  may  represent  the  process  of  lique- 
bction  of  ice  as  follows : 

Water  at  0^  C.  =  ice  at  0^  C.  +  latent  heat  of  wa4ier. 

585.  Latent  Heat  of  Solution. — During  the 
process  of  solution,  as  well  as  during  fusion,  heat  is  ren« 
dered  latimt.  In  either  case  the  performance  of  the  work 
of  liquefaction  demands  an  expenditure  of  kinetic  energy. 
Hence  the  solution  of  a  solid  involves  a  diminution 
of  temperature, 

{a.)  This  loss  may  in  some  cases  be  made  good  by  an  equal  in- 
crease, or  changed  to  gain  by  a  greater  increase  of  sensible  heat 
from  the  chemical  changes  involved ;  but  in  any  case,  the  act  of 
liquefaction  considered  by  itself  produces  cold.  Thus  a  cup  of 
coffee  is  cooled  by  sweetening  it  with  sugar,  and  a  plate  of  soup  is 
cooled  by  flavoring  it  with  salt. 

586.  Freezing:  Mixtures. — The  latent  heat  of 
Molution  lies  at  the  foundation  of  the  auction  of 
freezing  mixtures.  For  example,  when  ice  is  melted 
by  salt,  and  the  water  thus  formed,  in  turn,  dissolyes  the 
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Bait  itself  the  double  liquefaction  requires  a  deal  of  heftfc 
which  \a  geBcrally  furnished  by  the  cream  in  the  freezer. 
The  freezing  mixture  most  commonly  used  consists  of  one 
weight  of  salt  and  two  weights  of  snow  or  pounded  ice. 
The  mixture  assumes  a  temperature  of  —18^  0.,  which 
fiimished  the  zero  adopted  by  Fahrenheit. 

(a.)  By  mixing,  at  the  freesdng  temperature,  three  weights  of 
now  with  two  weights  of  dilate  sulpharic  acid,  the  tempera!  are 
may  be  reduced  to  about  —20**  F.,  a  diminution  of  over  50  Fahren- 
bait  degrees.  If  equal  weights  of  snow  and  dilute  sulphuric  acid 
be  thus  reduced  to  a  temperature  of  —SO"*  F.  and  then  mixed,  the 
temperature  will  fall  to  about  —  60"*  F.  Bj  mixing  equal  weights 
of  sodium  sulphate  crystals  (Glauber's  salt),  ammonium  nitrate  and 
water,  all  at  the  ordinary  temperature,  and  stirring  the  mixture 
with  a  thermometer,  the  temperature  will  be  seen  to  faU  from  about 
i(5°  F.  to  about  10**  F.,  which  is  considerably  below  the  freezing  point 
of  pure  water.  Glauber's  salt  and  hydrochloric  (muriatic)  acid  form 
a  good  freezing  mixture. 

587.  Solidification.— Solidification  signifies  the 
passage  from  the  h'quid  to  the  solid  condition.  During 
solidification  there  is  an  increase  of  temperature. 
This  may  seem  paradoxical  in  certain  cases,  but,  even  in 
the  case  of  water,  it  is  true  that  solidification  is  a  warming 
process. 

(a.)  The  sensible  heat  that  disappeared  as  latent  heat  daring 
liquefaction,  be^ug  no  longer  employed  in  doing  the  work  of  main- 
taining liquidity,  is  reconverted  into  sensible  heat  and  immediately 
employed  in  increasing  the  molecular  vibrations.  The  molecular 
potential  energy  is  transmuted  into  molecular  kinetic  energy.  This 
is  frequently  illustrated  by  the  precaution  taken  in  winter  to  place 
tubs  of  water  in  vegetable  cellars  that  the  latent  heat  of  the  freeze 
Ing  water  may  be  changed  into  sensible  heat  and  thus  protect  thi 
Tegetables. 

588.  Temperature  of  Solidification. — The 

melting  point  is  the  highest  temperature  at  which  solidi* 
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fication  can  take  place,  but  it  is  possible  to  keep  substance* 
in  the  liquid  condition  at  lower  temperatures.  Watei 
standing  perfectly  quiet  sometimes  cools  several  degrees 
below  the  melting  point  without  freezing,  but,  upon  agita^ 
don  in  any  perceptible  degree,  solidification  immediatelj 
".akes  place. 

(a.)  Persons  who  sleep  in  cold  chambers  sometimes  notice,  upoi 
arising,  that  as  soon  as  they  touch  a  pitclier  of  water  that  has  been 
standing  in  the  room  over  night,  the  water  quickly  freezes.  If  a 
particle  of  ice  be  dropped  into  the  water  the  same  result  follows. 
We  may  say  that,  in  this  condition,  liquids  have  a  tendency  to  freeze 
which  is  kept  in  check  only  by  the  difficulty  of  making  a  beginning. 

589.  Heat  from  Solidification.— (1.)  By  surrounding, 
with  a  freezing  mixture,  a  small  glass  vessel  containing  water,  and 
a  mercury  thermometer,  the  temperature  of  the  water  may  be  r^ 
duced  to— 10°  C.  or— 12*  C.  without  freezing  the  water.     A  slight 

movement  of  the  thermometer  in  the  water  starts  the  freezing  and 
the  temperature  quickly  rises  to  0°  C. 

(2.)  Place  a  thermometer  in  a  glass  vessel  containing  water  al 
80°  C.  and  a  second  thermometer  in  a  large  bath  of  mercury  at  —10**  G 
Inmierse  the  glass  vessel  in  the  mercury.  The  temperature  of  the 
water  will  gradually  fall  to  0°C.,  when  the  water  will  begin  to 
freeze  and  its  temperature  become  constant.  In  the  meantime  the 
temperature  of  the  mercury  bath  rises,  and  continues  to  do  so  whUs 
\he  water  is  freezing. 

(3.)  Dissolve  two  weights  of  Glauber's  salt  in  one  weight  of  hot 
water,  cover  the  solution  with  a  thin  layer  of  oil  and  allow  to  cool, 
in  perfect  quiet,  to  the  temperature  of  the  room.  By  plunging  a 
thermometer  into  the  still  liquid  substance,  solidification  (crystal- 
lization) is  started  and  the  temperature  rapidly  rises.  Dr.  Amott 
found  that  this  experiment  was  successful  after  keeping  the  solu- 
tion in  the  liquid  condition  for  five  years. 

(4.)  Mix  equal  quantities  of  dilute  sulphuric  acid  and  of  a  satu 
rated  solution  of  calcium  chloride  (not  chloride  of  lime),  the  twi 
liquids  having  been  allowed  time  to  acquire  the  temperature  of  the 
room.  The  two  liquids  are  converted  into  solid  calcium  sulphate, 
with  a  marked  increase  of  temperature.  In  this  case,  as  in  some 
of  the  other  cases,  part  of  the  heat  observed  is  probably  due  to 
chemical  action,  but  more  to  the  oonvemon.  of  the  latent  heat  of 
the  liquids. 
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Qt.)  To  iSkne  mi^te  of  qidckUme  »dd  one  weight  of  water 
nie  wMer  will  be  omnpletely  solidified  In  the  BUking  of  the  lin 
vitli  rmurk&ble  thennal  maJiifentationB.  Carta  contunlug  quick 
Bme  hara  been  set  on  Sra  bf  expoaare  to  heavj  reioB. 

590.  Change  of  Bulk  during  Solidification, 

-UoBt  BQbBliuices  Bhrink  m  size  during  Bolidification ;  bnl 
1  few,  Buch  as  ice,  cast-iron,  aatimony  and  bismuth,  an 
eiceptJODS.  Wben  melted  coBt-irou  la  poured  into  a  mould, 
it  expandB  in  solidifying  and  presses  into  every  part  of  the 
monld.  The  tracings  on  the  casting  iire,  therefore,  as  clear 
cat  as  they  wen  in  the  mould.  A  clear-cnt  casting  can 
not  be  obtained  from  lead;  this  is  one  of  the  reasons  why 
antimony  is  made  a  oODstitaent  of  type-metal  6old  coins 
bave  to  be  stamped ;  they  cannot  be  cast  so  as  to  produce 
a  clear-cut  design.  The  bursting  of  pipes  by  freezing  water 
is  a  common  sonrce  of  annoyance. 

(k)  An  araif  officer  tX  Quebec  performed  the  following  experk 
A  ment:  He  filled  a  IZ-incL 

shell  with  water  and  closed 
the  opening  with  a  wooden 
plug  forcibly  driven  in.  The 
shell  was  put  out  of  doora ; 
the  temperature  being 
—38°  C,  the  water  froze,  the 
plug  was  thrown  about  304 
feet,  and  a  tongue  of  ice 
abont  eight  inches  long  pro- 
truded from  the  opening, 
i  In  a  similar  experiment,  the 
__         _  shell  split  and  a  rim  of  ice 

Fio.  303.  Isstied  from  the  rent. 

591.  liatent   Heat   of    Vaporization.  — The 

vaporization  of  a  liquid  is  accompanied  by  the  disappear* 
ance  of  a  large  quantity  of  heat,  and  frequently  by  a  diminu- 
tion ol  temper&tnre-     There  is  a  change  of  sensible  into 
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latent  heat;  of  kinetic  into  potential 
represent,  for  instance,  the  va- 
{wnzation  of  water  as  follows  : 
Steam  at  100°  C.  =  waAer 
at  100°  C.  t-  laUni  heat  of 
steam. 

(a.)  The  dTophoms,  Bhown  In 
g\g.  ^4,  coQBists  of  a  bent  tabe 
And  two  bulbB  containing  a  stmtll 
quantity  of  water.     The  air  ia  re- 
moved by  briBklf  boiling  the  water. 
The  tube  ia  sealed  while  the  steam  ^ 
b  escaping.     The  instrument  thus 
eontalns  only  water  and  aqueous  - 
vapor.    When  the  liquid  ia  poured 
into  B,  and  A  is  placed  in  a  freez- 
ing mixture,  the  vapor  is  largely 
eoDdensed  in  A  while  more  la  rapidly  fonued  In  B     CiTnUlB  of  iw 
toon  form  on  the  surface  of  the  water  in  B. 

(b.)  Wet  a  block  of  wood  and  place  a  watch  ciyatal  upon  It.  k 
film  of  water  may  l>e  seen  under  the  central  part  of  the  glass.  Half 
fill  the  crystal  with  solpharic  ether  and  tapldly  evaporate  It  by 
blowing  over  its  surface  a  stream  of  air  from  a  small  bellows.  So 
much  heat  ia  rendered  latent  in  the  vaporization  that  the  watch 
crystal  is  firmly  frozen  to  the  wooden  blot^ 

{e.)  Sulpharoua  oxide  (SO^)  previously  diied,  is  easily  liquefied 
by  passing  it  through  u  U-tube  immersed  In  a  freeaing  mixture. 
When  some  of  this  liquid  ia  placed  npon  mercury  in  a  small  capsule 
and  rapidly  evaporated  by  blowing  over  it  a  stream  of  ur  from  a 
bellows,  Ihe  mercury  U  frozen  (g  56S).     (See  Chemistry,  Eip.  146.) 

59S<  Condensation  of  Gases. — Gaaea  may  be 
condensed  by  union  with  some  liquid  or  eolid,  by  cold  or 
by  pressure.  It  has  been  recently  shown  that  any  known 
gas  may  be  liquefied  by  cold  and  pressure.  In  any  case, 
the  corhdensatioTb  of  a  gas  renders  sensible  a  large 
amount  of  heat. 
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(a.)  The  cliange  of  latent  heat  Into  sensible  daring  the  condenaa 
fion  of  a  gas  is  easily  illustrated 
bj  the  following  experiment: 
Into  a  gas  bottle,  A,  put  a  tea- 
cap  full  of  small  pieces  of  mar- 
ble, and  x>oar  in  enongh  water  to 
ooyer  them  and  to  seal  the  lower 
end  of  the  thistle  tube.  From 
(he  gas  bottle  lead  a  deliyerj 
tube  to  the  lowe;  part  of  a  bot- 
tle, B^  containing  a  thermome- 
ter, t.  From  this  bottle  lead  a 
tube  to  the  lower  part  of  the  Fig.  304. 

bottle  (7,  which  contains  a  ther« 

mometer,  T^  with  its  lower  part  embedded  in  a  teacup  full  of  saltn 
of  tartar.  Through  the  thistle  tube  of  A  pour  muriatic  acid,  about  a 
fliimble-fnll  at  a  time.  Carbonic  acid  gas  will  be  liberated  and  pass 
through  B  Into  C,  There  it  unites  with  the  potassium  carbonate, 
changing  it  to  potassium  bi-carbonate.  In  this  change  from  the 
•Srifomi  to  vhe  solid  condition,  the  carbonic  acid  gives  up  all  its 
latent  heat,  as  is  shown  \ij  the  remarkable  rise  of  the  thennometer 
ki  C7.  That  this  increase  of  ten^perature  is  not  due  to  the  sensible 
heat  of  a  hot  gas  is  shown  by  the  fact  that  t  is  scarcely  affected 
during  the  experiment 

(&.)  When  the  yapor  is  condensed  to  the  liquid  or  solid  form,  the 
heat  previously  rendered  latent  is  ^ven  out  as  sensible  heat ;  that 
b,  the  energy  of  position  is  changed  back  to  energy  of  motion.  In 
eonung  together  again,  the  particles  yield  the  same  amount  of 
Unetie  energy  as  was  consumed  in  their  separation. 

593.  The  Heat  Equivalent  of  the  Fusion  of 

ice. — ^If  one  pound  of  water  at  0°  C.  be  mixed  with  one 
x>nnd  of  water  at  80°  C,  we  shall  have  two  pounds  of  water 
it  40°  0.  But  if  one  pound  of  ice  at  0°  C.  be  mixed  with  one 
pound  of  water  at  80*"  C,  we  shall  have  two  pounds  of  water 
at  0°  0.  The  heat  which  might  be  used  to  warm  the  water 
from  0°  to  80°  C,  has  been  used  in  melting  a  like  weight 
of  ice.  Hence,  by  our  definition,  wq  see  that  the  latent 
heat  of  one  kilogram  of  water  is  80  calories.  This  means 
that  the  avMnint  of  heat  required  to  melt  a  quantity 
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of  ice  without  changing  its  temperature  is  eighty 

times  as  great  as  the  heat  required  to  warm  the 

same  quantity  of  water  one  centigrade  degree, 

(a.)  Because  of  this  great  latent  beat  of  water,  the  processes  of 
melting  ice  and  freezing  water  are  necessarily  slow.  Otherwise,  the 
waters  of  our  northern  lakes  might  freeze  to  the  bottom  in  a  single 
night,  while  '*  the  hut  of  the  Esquimaux  would  vanish  like  a  house 
in  a  pantomime/'  or  all  the  snows  of  winter  be  melted  in  a  single 
day  with  inundation  and  destruction. 

594,  The  Heat  Equivalent  of  the  Vaporiza- 
tion of  Water.  —  Experiment  has  shown  that  the 
amount  of  heat  necessary  to  evaporate  one  weight  unit  of 
water  would  suffice  to  raise  the  temperature  of  537  weight 
units  of  water  1°  C.  Hence,  we  say  that  the  latent  heat  of 
one  kilogram  of  steam  is  537  calories.  This  means  that 
the  amount  of  heat  required  to  evaporate  a  quantity 
of  water  without  changing  its  temperature  is  S37 
times  as  great  as  the  heat  required  to  warm  the 
same  quantity  of  water  one  centigrade  degree, 

(a.)  When  a  pound  of  steam  is  condensed,  537  heat  units  (pound, 
centigrade)  are  liberated.  In  this,  we  see  an  explanation  of  the 
familiar  fact  that  scalding  by  steam  is  so  painfully  severe.  Were 
it  not  for  the  latent  heat  of  steam,  when  water  reached  its  boiling 
point  it  would  instantly  flash  into  steam  with  tremendous  explosion. 

595.  Problems  and  Solutions. — (1.)  How  many  grams 
of  ice  at  0°  C.  can  be  melted  by  1  gram  of  steam  at  100"  C.  ?  One 
gram  of  steam  at  100°  C,  in  condensing  to  water  at  the  same  tem- 
perature, parts  with  all  its  latent  heat,  or  537  lesser  calories.  The 
gram  of  water  thus  formed  can  give  out  100  more  heat  units. 
Hence,  the  whole  number  of  lesser  calories  given  out  by  the  steam 
in  changiog  to  water  at  0"  C,  the  temperature  at  which  it  can  no 
longer  melt  ice,  is  537  +  100  =  637. 

Let  X  =  the  number 'of  grams  of  ice  that  can  be  melted.  Each 
gram  of  ice  melted  will  require  80  lesser  calories.  Hence,  80aj  =  the 
number  of  heat  units  necessary.  The  heat  to  melt  tbe  ice  mast 
come  from  the  steam. 

Therefore,  80x  =  637 .  .• .  « =n  .m  ^  «c«sa.    ^^%. 
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9.)  How  many  poandB  of  steam  at  lOO*"  C.  will  Just  melt  100 

pcimds  of  ice  ai  0"*  C.  ?    \t  x  represent  the  number  of  pounds  of 

steam  required,  that  quantity  of  steam  at  100°  C.  will  furnish  6870* 

heat  units.    To  melt  100  lbs.  of  ice,  (80  x  100  =)  8,000  heat  anitf 

/ill  be  required. 

Hence,  637a;  =  8,000.  .*.  a;  =  12.55 -I- lbs.    AuM. 

(3.)  What  weight  of  steam  at  lOO*"  G.  would  be  required  to  raise 
oOO  pounds  of  water  from  0*"  a  to  lO**  0.  ? 
Let  X  =  the  number  of  pounds  of  steam  required 

(537  +  90)3?  =  600  X  10.  .%  x  =  7.97  +  lbs.    An^ 

(4.)  If  41bs.  of  steam  at  lOOC  be  mixed  with  200  lbs.  of  water  at 
10°  C,  what  will  be  the  temperature  of  the  water  7 

Let  X  =  the  temperature.  In  condensing  to  water  at  lOO""  C,  the 
4  lbs.  of  steam  will  give  out  (537  x  4  =)  2,148  heat  units.  This 
4  lbs.  of  water  will  then  give  out  4(100  —  x)  heat  units.  Hence,  the 
steam  will  impart  2,148  +  4(100  —  x)  heat  units.  The  200  lbs.  of 
water  in  rising  from  10°  G.  to  x°  will  absorb  200(3;  —  10)  heat  unita 

Hence,  2,148+ 4(100 -a;)-200(a?- 10).     /.  a;  =  22.29°  C.    Ans, 

596.  Illustration  of  Specific  Heat. —When 

the  temperature  of  a  body  changes  from  30°  to  20%  the 
body  loses  just  as  much  heat  as  it  gained  in  passing  from 
20**  to  30^  This  heat  lost  by  a  cooling  body  may  be 
measured,  like  any  other  energy,  by  the  work  it  can  per- 
form. If  equal  weights  of  different  bodies  be  raised  to  the 
same  temperature,  the  amount  of  ice  that  each  can  melt 
will  be  proportional  to  the  number  of  thermal  units  they 
severally  contain.  A  pound  of  sulphur  at  212°  F.  will 
melt  ^  as  much  ice  as  a  pound  of  boiling  water.  Henca 
it  required  only  -J  as  much  heat  to  heat  the  sulphur  from 
the  freezing  point  to  212°  F.,  as  it  did  to  heat  the  water 
to  the  same  temperature;  in  scientific  phraseology,  the 
specific  heat  of  sulphur  is  \. 

(a,)  In  an  experiment  of  tbis  kind,  if  the  cooling  substance  cbange 
ivs  condition,  the  latent  beat  set  free  as  sensible  beat  must  be  taken 
into  account    Special  precaution  must  also  be  taken  in  measuring 
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the  heat  expended,  to  e.\cA&  melting  of  tlii 
of  the  Barroouding  tit  and  making  proper 
Allowance  for  the  heat  expended  In  warming 
the  Bpparatns  iteelf .  Fig.  25S  repreeenta  a 
(orm  of  ealorimeUr  frequently  naed  in  such 
experimenta.  Jf  contains  the  heated  bod7 
whose  weight  and  temperature  are  known, 
A.  contains  the  ice  to  be  melted,  the  liquid 
Chna  produced  escaping  hj  D.  £  is  an  Ice 
Jacket  to  prevent  melting  of  the  iooiaAly 
the  heat  of  the  air. 

597.  Definition  of  Specific  . 

B.ea,t,-~The  specific  heat  of  a  body 

is  ihe  ratio  between  the  quanMiy 

of  heat  Tequired  to  warm  that  body  one  decree  and 

the  quantity  of  heat  required  to  warm  an  eqwd 

weight  of  water  one  degree. 

(a.)  It  is  very  important  to  bear  in  jnlnd  that  specific  heat,  like 
■peclfic  gravity,  is  a  ratio ;  nothing  more  nor  lees.  The  specific  heat 
of  water,  the  standard.  Is  unity.  This  ratio  will  be  the  same  foi 
>ny  given  substance,  whatever  the  tbennal  twit  oi  tbermometiit 
scale  adopted. 

598.  Specific  Heat  Determined  by  Mixture. 

^One  of  the  simplest  methods  of  measuring  specific  heat 
is  by  mixture.  Suppose,  e.  g.,  that  3  Idlogrsms  of  mercury 
at  100°  C.  are  mixed  with  1  kilogram  of  ioe^cold  water  and 
that  the  temperature  of  the  mixture  is  9°0.  How  shall 
»e  find  the  specific  heat  of  mercury  f 

Let  X  =  the  specific  heat  of  the  mercniy,  or  the  amonnt  of  heat 
loet  by  one  kilogram  of  mercury  for  each  degree  of  change  of 
temperature.     Then  will 

3x  =  the  number  of  heat  units  lost  by  the  g^ven  amount  of  mei- 
cnry  (or  every  degree  of  change  of  temperature,  and  91  timee 

2732  =  the  nnmber  of  heat  units  lost  by  the  mercury  In  pasdng 

from  100°  to9°C. 
The  specific  heat  of  water  is  1.     This  multiplied  by  the  nnmbef 
lit  kilograms  of  water  taken  is  1 ,  which  reoresents  the  nnmber  of 
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Iwat  nidte  g^ned  I7  that  qouttitf  of  water  for  each  degree  ol 
Au)g«  of  tempentnra.  Then  will  9  reprraent  the  nomber  of  he*t 
snitB  gained  b^the  water  in  paseiiig  from  0°  to  l)°.  Bat  bo  heat 
hiH  been  destrojed  or  wasted ;  what  the  meicn^  baa  loe'u,  the  water 
ki  gained. 

Mertsury.  Wat»r. 


Heatnnita 2T3(V    =3    9 

.'.    ff  =  J)88,  the  specific  beat  of  mercnrf. 

599.  Heated  Balls  Melting  Wax.— The  diffeiv 
ence  between  bodies  in  respect  to  specific  beat  may  be 
roaghly  iUnBtrated  ae  follows:  small  balls  of  cqnal  weight, 
made  seTerally  of  iron,  copper,  tin,  lead  and  biemuth  are 
heated  to  a  temperature  of  180°  or  200°  C.  by  immersing 
them  in  hot  oil  until  they  all  acquire  the  temperature  of 
the  oiL    They  are  then  placed  on  a  cake  of  beeswax  about 

half     an     inch 

thiclc.   The  iron 

and  copper  will 

melt  their  way 

through    the 

}  wax,  the  tin  will 

-"^jlJ^'  nearly    do     so, 

""^       while  the    lead 
Fig.  306.  ,     ,  .  ,1 

and    bismuth 

dnk  not  more  than  half  way  through  the  wax. 

600.  Reference  Tables.— (1.)  Spedftc  Heat  ot  Bome  auh- 
dances  (gaseti  and  vapors  nuder  c 

Hydn^en 8.4090 

Water. 1.0000 

Ammonia  (gas). 6084 

«r 2375 

Oxygan am 

Bol^sr SOSe 

.1489 


,^^5.-     'M, 


Copper. . 
Silver . . . 
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(2.)  Spedflc  heat  of  lome  substances  in  dlffeient  states : 

Solid,  lAquid,  AiTifom 

Water 6050  1.0000  .4805 

Bromine 0848  .1060  .0555 

Alcohol .5050  .4534 

Ether. .5467  4797 

601.  Specific  Heat  of  Water.— Fa^r  in  Us 

liquid  form  has  a  higher  specific  heat  than  any 
other  substance  except  hydrogen.  For  this  reason  the 
ocean  and  our  lakes  are  cooled  and  heated  more  slowly 
than  the  land  and  atmosphere.  They  thus  modify  sudden 
changes  of  temperature,  and  give  rise  to  the  well  known 
fact  that  the  climate  of  the  sea-coast  is  warmer  in  wintei 
and  cooler  in  summer  than  that  of  inland  places  of  the 
same  latitude.  The  heat  of  summer  is  stored  up  in  the 
ocean  and  slowly  given  out  during  the  winter.  This  fact 
also  explains  a  phenomenon  familiar  to  those  living  on  tht 
borders  of  the  ocean  or  great  lakes.  Because  of  its  lower 
specific  heat^  the  land  becomes  during  the  day  more  heated 
than  the  water.  The  air  in  contact  with  the  land  thus 
becomes  more  heated,  expands,  rises  and  forms  an  upper 
current  from  the  land  accompanied  by  a  corresponding 
under  cuiTent  to  the  land,  the  latter  constituting  the 
welcome  sea  or  lake  breezes  of  summer.     Aft-er  sunset 

# 

however,  the  land  cools  more  rapidly  than  the  water,  the 
process  is  reversed,  and  we  have  an  under  current  from 
the  land  constituting  the  land  breeze. 

Exercises. 

1.  One  kilogram  of  water  at  40°  C,  2  kilograms  at  80**  C,  8  kila 
grams  at  20°  C,  and  4  kilograms  at  10°  C.  are  mixed.  Find  the  tern 
peratore  of  the  mixture.  Ans.  20°  C. 

jJL  One  pound  of  mercury  at^**  C  N?«aTioxs^  V>Stt.«««k^^^»^^ 
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water  at  0**  C.»  and  the  temperature  of  the  mixture  was  0.684*"  G 
Calculate  the  specific  heat  of  mercury. 

8.  What  weight  of  water  at  85**  0.  will  just  melt  15  pounds  of 
ice  at  0'  C.  ?  Ans,  14117  lb. 

4.  What  weight  of  water  at  95°  C.  will  just  melt  10  pounds  of  ice 
Rt-10"C.?  -47M.  8.947  lb. 

5.  What  weight  of  steam  at  125''  C.  will  melt  5  pounds  of  ice  at 
-S**  C.  and  warm  the  water  to  25"*  C.  ?  Ans.  0.87  lb. 

6.  How  much  mercury  could  be  warmed  from  10°  C.  to  20°  C.  by 
1  kilogram  of  steam  at  200°  C.  ?  Ana.  1997  Kg, 

7.  Equal  masses  of  ice  at  0°  C.  and  hot  water  are  mixed.  The  ice 
is  melted  and  the  temperature  of  the  mixture  is  0°  C.  What  was 
the  temperature  of  the  water  ?  Ans,  80°  C. 

8.  Ice  at  0°  C.  is  mixed  with  ten  times  its  weight  of  water  at 
20°  C.    Find  the  temperature  of  the  mixture.    Ans,  11°  C.  nearly. 

9.  One  pound  of  ice  at  0°  C.  is  placed  in  5  x)ounds  of  water  at 
12°  C.    What  will  be  the  result  ? 

10.  Find  the  temperature  obtained  by  condensing  10  g.  of  steam 
at  100^  C.  in  1  Kg.  of  water  at  0°  C.  Ans.  6.3°  C. 

11.  A  gram  of  steam  at  100°  C.  is  condensed  in  10  grams  of  water 
atO'  C.     Find  the  resulting  temperature.  Ans.  58°  C.  nearly. 

12.  If  200  flf.  of  iron  at  ;-0J°  C.  Im  |)!un<]:ed  into  1  Kg.  of  water  at 
0'  C,  what  will  be  the  resulting  temperature  ?  Ans,  6.67°  C. 

13.  Find  the  specific  heat  of  a  substance,  60  g.  of  which  at  100°  C 
being  immersed  in  200^.  of  water  at  10°  gives  a  temperature  ci 
20°  C. 

14  If  300^.  of  copper  at  100°  C.  be  immersed  in  700 //.  of  alcohol 
at  0°  C,  what  will  be  the  resulting  temperature  ?    (§  600.) 

15.  What  will  be  the  result  of  mixing  5  ounces  of  snow  at  0°  G 
with  23  ounces  of  water  at  20°  C.  ? 

16.  A  pound  of  wet  snow  mixed  with  5  pounds  of  water  at  20°  C. 
yields  6  pounds  of  water  at  10°  C.  Find  the  proportions  of  snow 
and  water  in  the  wet  snow. 

17.  What  weight  of  mercury  at  0°  C.  will  be  raised  one  degree 
by  dropping  into  it  150  g,  of  lead  at  300°  C.  ? 

18.  find  the  result  of  mixing  6  pounds  of  snow  at  0°  C.  with 
7  pounds  of  water  at  50°  C. 

Becapltnlation. — In  this  section  we  have  considered 
the  definition  of  Thermal  Units;  two  Varieties 
of  Molecular  Energy  ;  their  mutual  Converti- 
bility; the  definition  of  Latent  Heat;  the  latent 
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heat  of  Fusion  and  of  Solution ;  Freezing  Mix- 
tures ;  Solid iflcation,  and  the  Temperature  o! 
Solidification ;  Heat  from  Solidification  ; 
Change  of  Bulk  during  solidifying;  the  Latent 
Heat  of  Vaporization ;  the  Condensation  of 
Gases ;  the  Latent  Heat  of  Water  and  of 
Steam;  illustration  and  definition  of  Specific  Heat; 
specific  heat  Determined  by  Mixture;  specific 
heat  Determined  by  Melting  Wax;  tables  ol 
gpedfio  heat,  and  the  Specific  Heat  of  ^Vater. 


jf^SE.CTfON    IV. 

MODES    OF    DIFFUSING    HEAT. 

602.  Difnision  of  Heat.^Heat  is  diffosed  in  three  ways. 
1)7  conduction,  convection,  and  radiation.  Whatever  the  mode  of 
diffusion,  there  is  a  tendency  to  produce  uniformity  of  temperature 

603.  Conduction. — If  one  end  of  an  iron  poker  be 
thrust  into  the  fire,  the  other  end  will  soon  become  too 
warm  to  be  handled.  It  has  been  heated  by  conduction, 
the  molecules  first  heated  giving  some  of  their  heat  to  those 
adjacent,  and  these  passing  it  on  to  those  beyond.  There 
was  a  transfer  of  motion  from  molecule  to  molecule.  The 
process  by  which  heat  thus  passes  from  the  hotter 
to  the  colder  parts  of  a  body  is  called  conduction 
of  heat.  The  propagation  is  very  gradual^  and  as  rapid 
through  a  crooked  as  through  a  straight  bar. 

604.  Differences  in  Conductivity.— If,  instead 
of  an  iron  poker,  we  nse  a  glass  rod  or  wooden  stick,  the 
end  of  the  rod  may  be  melted  or  the  end  of  the  stick 
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Fig.  307. 

burned  without  rendering  the  other  end  nncomfortably 
warm.  We  thns  see  that  some  substances  are  good  con- 
ductors of  heat  while  some  are  not  Thnist  a  silver  and 
a  German  silver  spoon  into  the  same  vessel  of  hot  water, 
and  the  handle  of  the  former  will  become  much  hotter 
than  that  of  the  latter, 

(a.)  Fig.  807  lepresents  a  bar  of  iron  and  one  of  copper  placed 
end  to  end  so  as  to  be  beated  equallj  hj  tbe  flame  of  the  lamp 
Small  balls  (or  nails)  are  fastened  by  wax  to  the  under  surfaces  of 
the  bars  at  equal  distances  apart.  More  balls  can  be  melted  from 
ihe  copx>er  than  from  the  iron.  The  number  of  balls  melted  off,  not 
&e  rapidUy  with  which  thej  fall,  is  the  test  of  conductivity.  The 
apidity  woold  depend  more  upon  specific  heat 

(p.)  Belative  thermal  conductivity  of  some  metals : 

Silver 100 

Copper 74 

€k>ld 53 

Brass 24 

Tin 15 


Iron la 

Lead 9 

Platinum 8 

German  silver 0 

Bismuth  ...   2 


The  above-named  metals  arrange  themselves  !n  the  same  order 
with  reference  to  the  conduction  of  electricity,  silver  being  the  best 
and  bismuth  the  poorest.  This  relation  suggests  a  similarity  of 
nature  between  these  two  agents.  [See  Appendix  K  (2).] 

605.  Conductivity  of  Fluids. — Liquids  and 
cberiform  todies  are  poor  conductors  of  heat.  The 
surface  of  a  liquid  may  be  intensely  beated  without  sensibly 
aSbctiiig  the  temperature  an  luch  below. 
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(a.)  Cbtk  tlie  ma^  of  4  glaas  fnimel  and  psM  Uie  tnlw  of  (■ 
Inverted  thermometer  throngli  the  coik,  or  nm  an  lb 
tbermometer,  aa  ehown  in  the  figure.  Cover  the  thm 
mometer  bnlb  to  the  depth  of  about  half  an  inch  witb 
water.  Upon  the  water  pom  a  Uttle  snlphnilc  etha 
and  igntte  it.  The  heat  of  the  flame  will  be  intenM 
enough  to  boil  a  Bmall  qnantitj  of  water  held  OBer  ib 
but  the  thermometer  below  will  be  Bcarcely  affected, 
Fasten  a  piece  of  ice  at  the  bottom  of  a  glass  tob^ 
1  cover  it  to  the  depth  of  several  Inches  with  water. 
Hold  the  tube  at  an  angle  of  about  45°,  and  appl7  tlu 

rhi  flame  of  a  lamp  below  the  upper  part  of  the  waUr 

Roy  The  water  there  maj  be  made  to  boil  without  melting 

PBI^M  |the  ice.    The  condndiTl^  of  gases  is  probably  lowtt 

FlO.  308.    than  that  of  liquids, 

606.  Convection. — Plnida  (with  the  exception  d 
mercaiy,  which  iB  a  metal)  being  poor  condnctorB,  thej 
cannot  be  heated  as  solids  gen- 
erally are.  Water,  e.g^  must  be  I 
heat«d  from  below;  the  heated 
molecules  expand  and  rise  while 
the  cooler  ones  descend  to  take 
their  place  at  the  source  of  heat. 
These  currents  in  heating  water 
may  be  made  visible  by  dropping 
a  small  quantity  of  cochineal  or 
oak  sawdust  into  the  vessel  con- 
taining the  water.  This  method 
of  diffusing  heat,  hy  actual  J 
motion  of  heated  fluid  masses, 
is  eaUed  convection.  Expansion 
by  heat  and  the  force  of  gravity  are  essential  to  conveotioii 
Since  aSriform  bodies  are  expanded  more  by  heat  than 
'iqnids  are,  these  currents  of  heated  gases  are  more  active 
tbm  those  of  Uqnlda.  "Hence  'Oq.%  ^i^a  (A  \a3&i^  wad 
gtovea,  the  existence  of  txaAe  mnSsi  «Sfc- 
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e07.  The  Third  Mode  of  Heat  Division.— When  a 

l»zid  is  held  o^ei  a  heated  stoye,  heat  is  carried  to  the  hand  bj  oon- 

▼ection  and  given  up  to  the  hand  by  condnctiou.    But  when  the 

hand  is  held  before  the  stove  it  is  also  heated,  not  by  conduction,  for 

fluids  have  little  conducting  ix>wer ;  not  bj  convection,  for  convec* 

tion  currents  are  ascending.    How  then  Joes  the  heat  get  to  the 

Sand  ?    The  query  comes  to  us  with  still  greater  force  when  we 

xmsider  the  transmission  of  the  sun's  heat  to  the  earth,  for  the 

tfcmosphere  can  cany  it  by  neither  conduction  nor  convection. 

More  important  yet,  how  does  the  sun's  heat  reach  the  earth's 

ttmosphere?    This  heat  passes  through  the  atmosphere  without 

heating  it.    If  along  a  poker  thrust  into  the  fire  the  hand  be  moved 

toward  the  stove,  the  temperature  increases.    If  a  person  ascend 

through  the  atmosphere  toward  the  sun  the  temperature  diminishesL 

We  have  here  a  wholly  new  set  of  thermal  phenomena,  heat  pass- 

ing  through  a  substanoe  and  leaving  the  condition  of  that  substance 

Qnchanged« 

608.  limniniferoas  Ether. — In  the  case  of  actual, 
mechanical  energy,  the  rapid  motion  of  bodies^  e,  g.^  a 
rifaraling  gnitar  string,  is  partly  carried  off  by  the  air  in 
flie  shape  of  sonnd.  When  the  sound  reaches  the  auditory 
BOTB  it  represents  a  certain  amount  of  mechanical  energy 
of  motion  which  has  been  carried  from  the  string  by  the 
ain  There  is  sufficient  reason  for  believing  that 
there  is  a  medium  -pervading  all  space  which  car* 
lies  off  part  of  the  invisible  motions  of  molecules, 
juet  as  the  air  carries  off'  a  portion  of  the  motion 
of  moving  m^asses.  This  medium,  called  the  luminiferous 
ether^  occnpies  all  space.  The  gaps  between  the  sun,  the 
planets  and  their  satellites  are  filled  with  this  ether.  "  It 
makes  the  uniyerse  a  whole  and  renders  possible  the  inter- 
x>nimnnioation  of  light  and  energy  between  star  and  star.** 

609.  density  and  Elasticity  of  the  Ether.—This  ether 

Is  wonderful,  not  only  in  its  incomprehensible  vastness  but  equaUj 
BO  in  its  subtleness.  While  it  surrounds  the  suns  of  unnumbered 
^rstoms  and  SUa  all  interstellar  space*  ii  also  surrounds  the  smalleol 
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particles  of  matter  and  fills  intermolecnlar  space  as  welL  It  Ic 
called  lumlniferoas  because  it  is  the  medium  by  which  light  is 
propagated,  it  serving  as  a  common  carrier  for  both  heat  and  light 
We  have  seen  (§  426)  that  the  velocity  of  sound  depends  upon  two 
considerations,  the  elasticity  and  the  density  of  the  medium.  Thf 
enormous  velocity  with  which  the  ether  transmits  heat  and  light  af 
wave  motion  (about  186,000  miles  per  second),  compels  us  to  assunif 
for  the  ether  both  extreme  elasticity  and  extreme  tenuity. 

610.  Radiant  Heat. — ^We  have  seen  that  the  mole^ 
cules  of  a  heated  body  are  in  a  state  of  active  yibration. 
The  motion  of  these  vibrating  molecules  is  communicated 
to  the  ether  and  transmitted  by  it,  as  waves,  with  wonder- 
ful velocity.    Thus,  when  you  hold  your  hand  before  a  fire, 
the  warmth  that  you  feel  is  due  to  the  impact  of  these 
ether-wayes  upon  your  skin ;  they  throw  the  nerves  into 
motion,  just  as  sound-waves  excite  the  auditory  nerve,  and 
tiie  consciousness  corresponding  to  this  motion  is  what  we 
popularly  call  warmth.    Heat  thus  propagated  by  the 
ether,  instead  of  hy  ordinary  forms  of  matter,  is 
Radiant  Heat.    The  process  of  propagation 
is  called  radiation. 

611.  The  Transmission  through  a 
Vacuum. — Radiant  heat  tuiZl  traverse  a 
vacuum.  We  might  infer  this  bom  the  fact 
that  the  sun  radiates  heat  to  the  earth*  It  may 
be  also  shown  experimentally. 

{a)  A  thermometer  is  sealed  air-tight  in  the  bottom 
of  a  glass  globe  in  such  a  way  that  the  bulb  is  near  the 
centre  of  the  globe.    The  neck  of  the  flask  is  to  be    Yiq.  310. 
about  a  yard  long.     The  apparatus  being  fiUed  with 
mercury  and  inverted  over  a  mercury  bath,  a  Torricellian  vacumn 
is  formed  in  the  globe  and  upper  part  of  the  tube.    The  tube  is 
^lien  melted  off  above  the  meicxiry.   VA\«si\^[l<&  ^^^^iibSa^vQQinfined 
in  hot  water,  the  thermometex  \ixmi<e^a»X^l\si^<a**»*»^6sft^\\i8Bj. 
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peratoie.  There  is  no  chance  for  conyection ;  conduction  acts  mnch 
more  slowly. 

612.  Rectilinear  Propagation.— i^a^^a/z^^  heai 
travels  in  straight  lines  through  any  uniform 
medium. 

{a.)  Between  anj  sonice  of  heat  and  a  thermometer  place  several 
Kreens.  If  holes  be  made  in  the  screens  (See  Fig.  321)  so  that  a 
straight  line  from  the  source  of  heat  to  the  thermometer  may  pass 
through  them,  the  thermometer  will  be  affected  by  the  heat.  Bj^ 
moving  one  of  the  screens  so  that  its  opening  is  at  one  side  of  this 
fine,  the  heat  is  excluded.  In  a  very  warm  day  a  person  may  step 
from  a  sunny  into  a  shady  place  for  the  same  reason.  The  heat  that 
moves  along  a  single  line  is  called  a  ray  of  heat 

613.  Radiation  Equal  in  all  Directions.— 

Heat  is  radiated  equaUy  in  all  directions.  If  an 
iron  sphere  or  a  kettle  of  water  be  heated^  and  delicate 
thermometers  placed  on  diflFerent  sides  of  it  at  equal  dis- 
tances, they  will  all  indicate  the  same  temperature. 

614.  Radiation  Depends  upon  Tempera- 
ture of  the  Source. — The  intensity  of  radiant 
heat  is  proportional  to  thfi  temperature  of  the 
source. 

(a.)  Near  a  differential  thermometer,  place  a  vessel  of  water  10* 
warmer  than  the  temperature  of  the  room.  Notice  the  effect  upon 
the  thermometer.  Heat  the  water  10°  more  and  repeat  the  experi- 
ment at  the  same  distance.  Then  heat  the  water  10"  still  more  and 
repeat  the  experiment  again.  The  effects  upon  the  thermometer  will 
be  as  the  numbers  one»  two  and  three. 

615.  EflFect  of  Distance.— 17^0  intensity  of 
radiant  heat  varies  inversely  as  the  square  of  the 
distance. 

(a.)  Place  the  differential  thermometer  at  a  certain  distance  from 
vhe  heated  water  and  note  the  effect.     Removing  the  thermometei 
to  twice  that  distance  the  effect  is  only  one-to\iTl\i  «J&  ict^AX^^^RK 
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616.  Incident  Bays.^When  radiant  heat  Mb 
upon  a  surface  it  maybe  transmitted,  absorbed  or  reflected 
If  transmitted,  it  may  be  re&acted.  Bock  salt  crystal 
transmits  nearly  all,  reflects  very  little,  and  absorbs  hardlj 
lOiy.  Lampblack  absorbs  nearly  all,  reflects  yery  little,  and 
transmits  none.  Polished  silver  reflects  nearly  all,  absorbB 
a  little,  and  transmits  none. 

617.  Diathermancy* — Bodies  that  transmit  ra- 
diant heat  freely  are  called  diathermanous ;  those 
that  do  not  are  called  athermanous.  These  terms 
are  to  heat,  what  transparent  and  opaqne  are  to  light. 
Bock  salt  is  the  most  diathermanous  substance  known. 
Heat  that  is  radiated  from  a  non-luminous  source,  as  firom 
a  ball  heated  below  redness,  is  called  6b8cur$  heat;  while 
part  of  that  radiated  from  a  luminous  souroe,  as  from  the 
sun  or  from  a  ball  heated  to  redness,  is  called  luminous 
heat.  Heat  from  a  luminous  source  is  generally  composed 
of  both  luminous  and  obscure  rays. 

618.  Selective  Absorption. — ^The  power  of  any 
given  substance  to  transmit  heat  varies  with  the  nature  of 
the  heat  or  of  its  source.  For  example,  glass,  water  or 
alum  allows  the  sun^s  luminous  heat  rays  to  pass,  while 
absorbing  nearly  all  of  the  heat  rays  from  a  vessel  filled 
irith  boiling  water.  In  other  words,  these  substances  are 
iiathermanous  for  luminous  rays,  but  athermanous  for 
obscure  rays.  The  physical  difference  between  luminous 
and  obscure  heat  rays  will  subsequently  be  explained. 

(«.)  A  solution  of  iodine  in  carbon  di-snlphide  transmits  obecaie 
rays  but  absorbs  luminous  rays.  By  means  of  these  substances, 
luminous  and  obscure  rays  may  be  sifted  or  separated  from  each 
other.  Dry  air  is  highly  diathermanous ;  wateiy  vapor  is  highlf 
ft^JhermanouB  for  cbacoxe  mya. 
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619.  Beflectioii  of  Heat.— When  radiant  heat 
&i11b  upon  an  atbermanous  body,  part  of  it  is  generally 
absorbed  and  raises  the  temperature  of  the  body.  The 
rest  is  reflected,  the  energy  still  existing  in  the  ether  waves. 
The  angle  of  incidence  equals  the  angle  of  refleO' 
Hon  (§  97). 


Fig.  311. 

(a.)  In  Fig.  811,  the  sotuce  of  heat  at  ^  is  a  Leslie's  cube  filled  witJi 
hot  water.  8  \b  Bn  atbermanous  screen  with  an  aperture  for  the 
passage  of  rays  from  ^  to  the  reflector  B,  The  liue  CB  is  per- 
pendicular to  the  reflector.  When  D,  the  bulb  of  the  differential 
thermometer,  is  placed  so  that  the  angle  ABG  equils  the  angle 
DBG,  the  reflected  rays  will  strike  the  bulb  and  rai&e  the  temper* 
atura 

620.  Reflection  by  Concave  Mirroi-s.— By  the 

use  of  spherical  or  parabolic  mirrors,  remarkrble  heating 
effects  may  be  produced.  When  parallel  rays  (like  the 
sun's  rays)  strike  directly  upon  sach  a  mirror,  they  are 
reflected  to  a  focus.  Any  easily  combustible  substance 
held  at  the  focus  may  be  thus  ignited. 

(a.)  Two  such  mirrors  may  be  placed  as  shown  in  Fig.  312.  At 
the  focus  of  one  reflector  place  a  hot  iron  ball ;  at  the  focus  of  the 
odier,  a  bit  of  phosphorus  or  gun-cotton.  If  the  apparatus  be 
Mm^gred  with  exactneaB,  the  oombustible  will  be  quickly  ignited. 
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Fig.  312. 


Replace  the  iron-ball  with  a  Leslie's  cube  containiug  hot  water; 
at  tbe  focus  of  the  other  reflector  plaoe  one  bulb  o£  the  differential 
thermometer.  The  rise  of  temperature  at  this  focus  will  be  clearly 
showD,  even  tohen  the  other  hulb  is  nearer  the  source  of  heat  than  the 
focus  is, 

631,  Refraction  of  Heat. — When  rays  of  heat 
fall  obliquely  upon  a  diathermanous  body,  they  will  be 
bent  from  a  straight  line  on  entering  and  leaving  the  body. 
This  bending  of  the  ray  is  called  refraction.  Many 
rays  of  heat  may  thus  bo  concentrated  at  a  focus,  as  in  the 
case  of  a  common  burning-glass.  By  the  aid  of  a  speotacle- 
glass,  the  sun's  rays  may  be  made  to  ignite  easily  combus- 
tible substances.  The  refraction  of  obscure  rays  cannot 
be  shown  by  a  glass  lens,  since  glass  is  athermanooB  for 
finch  ravs.  But  if  a  Tock-salt  leua  be  held  beforo  a  source 
0/  obscure  heat,  and  tt\e  iac^   ol  «b  ^«t\fiL<s^A^  ^ij^awj^  vis» 
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Qie  focus  of  the  lens^  the  galvanometer  needle  will  at  once 
tnrn  aside^  showing  a  rise  of  temperature.  If  the  face  of 
the  pile  be  placed  anywhere  else  than  at  the  focus,  there 
vill  be  no  each  deflection  of  the  needle. 

623.  Change  of  Radiant  into  Sensible  Heat. 

-Of  all  the  rays  falling  upoa  any  substance,  only  tliose 
that  are  absorbed  are  of  efTect  in  heating  the  body  upon 
which  they  falL  The  motion  of  the  ether  waves  may  be 
changed  into  vibrations  of  molecules  of  ordinarf  matter, 
snd  thus  produce  sensible  heat,  but  the  same  energy  can- 
not exist  in  waves  of  ether  and  in  ordinary  molecular 
vibrations  at  the  same  time. 

(a.)  FhofsplioniB  or  gan-cotton  may  be  ignited  by  solar  rays  Kt 
the  focus  of  a  lens  made  of  clear  ice.  The  lieat  rays  pass  through 
the  ice  without  melting  it.  It  is  only  when  the  radiation  is  stopped 
that  the  energy  of  the  ray  can  warm  anything. 

623.  Determination  of  Absorbingly  Reflcctini?  and 
Radiating  Powers. — For  experiments  in  determining  the 
absorbing,  reflecting  and  radiating  powers  of  solids,  the  apparatus 
generally  used  consists  of  a  Leslie's  cube,  concave  mirrors  of 
different  materials,  and  a  differential  thermometer  or  a  thermopila 
The  Leslie's  cube  is  a  box  about  three  inches  on  each  edge,  the 
sides  being  made  of,  or  covered  with,  different  materials,  to  show 
their  differences  in  radiating  power.  The  cube  filled  with  hot  water 
is  placed  before  the  reflector,  and  a  bulb  of  the  thermometer  is 
placed  at  the  focus.  By  turning  different  faces  of  the  cube  toward 
the  mirror,  the  relative  radiating  powers  are  determined.  By  using 
different  mirrors,  the  reflecting  powers  are  determined.  By  coating 
4he  bulb  with  different  substances,  their  absorbing  powers  are 
determined.  The  relative  radiating  powers  of  several  common 
substances  are  as  given  below : 


Lampblack 100 

Paper.... 98 

Crowm  glass 90 


Tarnished  lead. 40 

Mercury 2C 

Gk>ld,  rilver,  copper 19 


6S4.  Mutual  Relations  of  Absorption,  Rc- 
Aeetton  and  JSadJation*— By  means  like  those  men' 
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tioned  in  the  last  paragraph,  it  has  been  shown  thii 
^ooA  absorbents  are  good  radiators  and  poor  re- 
fiectors,  and  vice  versa ;  that  the  radiating  power  of  a 
body  depends  largely  upon  the  nature  of  its  surface ;  that 
smoothing  and  polishing  the  surface  increases  reflecting 
power,  and  diminishes  absorbing  and  radiating  power; 
that  roughening  and  tarnishing  the  surface  increases  the 
absorbing  and  radiating  powers,  and  diminishes  the  re- 
flecting*power.  The  powers  of  absorption  and  radir 
ation  go  hand  in  hand.    (See  §§  721,  722. ) 

(a.)  Make  a  tMck  paint  of  a  teaspoonf  ul  of  lampblack  and  s 

little  kerosene  oil.     With  this,  paint  the  right-hand  face  of  the 

left-hand  bulb  (tin  can  of  the  differential  thermometer  described  in 

Appendix  R).       Provide  another  oyster  can  and  paint  one  side  with 

the  lampblack.    Fill  this  third  can  with  boiling  water  and  place 

]t  on  the  wooden  strips,  midway  between  the  two  tin  bulbs,  the 

two  blackened  surfaces  facing  each  other.     The  heat  radiated  and 

absorbed  by  the  two  blackened  surfaces  will  exceed  the  heat  radi- 

aied  und  *osorbeu  o^  tne  ..^o  equal  unpainted  surfaces  tiiat  f ace 

ea^h  other.     The  movement  of  the  coloied  alcohol  in  the  tube  wii 

show  this  to  be  true. 

635.  Sympathetic  Vibrations.— The  relatiou 
between  radiation  and  absoi-ption  of  heat  is  closely  analo- 
gous to  the  relation  between  the  radiation  and  absorption 
of  sound.  If  a  set  of  sound  waves  fall  upon  a  string 
capable  of  producing  similar  waves,  the  string  is  set  in 
motion  and  the  sound  waves  weakened  (§  609).  When 
ether  waves  of  a  given  kind  fall  upon  a  body  whose  mole- 
cules are  able  to  vibrate  at  the  same  rate,  and  thus  to 
reproduce  similar  waves,  the  kinetic  energy  is  transferred 
from  the  ether  to  the  molecules,  the  molecules  are  heated, 
the  radiant  energy  ahsorhed.  This  ability  to  absorb  wave 
motion  of  any  particular  kind,  implies  the  ability  to  repro- 
ince  the  same  kind  o?  ^rave^,   W.^'SKSs^T^Sa^wSc^^uKv 
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ibat  a  body  that  can  ahsorb  any  particular  kind 
of  heat  rays  can  radiate  the  same  kind. 

Note. — It  will  be  seen  f  urtlier  on,  that  obscure  heat  rays  diffel 
tzom.  light  only  in  the  matter  of  icave  lenyth.  Most  of  the  phenomena 
of  one  maj  be  shown  to  pertain  to  the  other.  Absorption,  radiation, 
reflection,  transmission  and  refraction  of  rays  follow  the  same  laws, 
whether  the  agent  be  called  heat  or  light.  Other  phenomena,  such 
as  interference  and  polarization,  more  satisfactorily  studied  with 
luminous  rays,  have  been  produced  with  obscure  rays.  It  should 
be  borne  in  mind  that  the  most  delicate  instruments  yet  made  are 
far  less  sensitive  to  obscure  heat  than  is  the  eye  to  light.  .  A  candle 
flame  may  be  seen  a  mile  away ;  any  one  might  well  be  pleased  with 
an  instrument  that  would  detect  its  heat  at  the  distance  of  a  rod. 

Questions. 

1.  Good  conductors  feel  warmer  or  cooler  to  the  touch  than  pooi 
eonductors  of  the  same  temperature.    Why  ? 

2.  Why  is  it  so  oppressively  warm  when  the  sun  shines  after  a 
summer  shower  ? 

3.  Why  is  there  greater  probability  of  frost  on  a  clear  than  on 
a  cloudy  night  ? 

4.  Can  a  good  absorbent  be  a  good  reflector  of  heat  ?  Is  a  good 
absorbent  a  good  radiator,  or  otherwise  ? 

5.  Explain  why  the  glass  covering  of  a  hot-bed  or  conservatory 
renders  the  confined  air  warmer  than  the  atmosphere  outside. 

6.  From  your  own  experience,  decide  which  is  the  better  con- 
ductor of  heat,  linen  or  woolen  goods,  oil -cloth  or  carpet. 

7.  Why  are  the  double  walls  of  ice-houses  filled  with  sawdust  1 
Why  do  fire-proof  safes  have  double  walls  inclosing  plaster-of- 
Paris  or  alum  ? 

8.  Why  do  furnace  men,  firemen  and  harvesters  wear  woolen 
clothing  ?    Explain  the  use  of  double  windows. 

9.  How  may  heat  be  diffused  ?  How  is  the  surface  of  the  earth 
and  how  is  the  atmosphere  heated  ?  Can  you  boil  water  in  a  vessel 
with  heat  applied  from  above  ?    Why? 

Recapitulation. — In  this  section  we  have  considered 
Conduction;  the  conductivity  of  Fluids;  Con- 
vection; the  Luminiferous   Ether,  its  Den- 
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sity  and  Elasticity ;  Radiant  Heat,  and  Ra- 
diation; Diathermancy;  Selective  Absorp- 
tion ;  Reflection  from  plane  and  concave  surfaces; 
Refraction ;  the  Change  from  radiant  into  sensible 
heat ;  the  determination  of  Absorbing,  Reflecting 
and  Radiating  Powers,  and  their  Mutual  Re- 
lations ;  Sympathetic  Vibrations. 


x^Section  v. 

THERMODYNAM  ICS. 

626,  Definition  of  Thermodynamics.— ^?7i^r- 

irvodynamics  is  the  branch  of  science  that  considers 
the  connection  between  heat  and  inechanicaZ  work. 
It  has  especial  reference  to  the  numerical  relation  between 
the  quantity  of  heat  used  and  the  quantity  of  work  done. 

627,  Correlation  of  Heat  and  Mechanical  Enerpry. 

— ^We  know  that  heat  is  not  a  form  of  matter  because  it  can  be 
created  in  any  desired  quantity.  We  must  continually  remember 
that  it  is  a  form  of  energy.  When  heat  is  produced  some  other 
kind  of  energy  must  be  destroyed.  Conversely,  when  heat  is  de- 
gtroyed,  some  other  form  of  energy  is  created.  Considered  as  heat 
merely,  this  agent  may  be  annihilated ;  considered  as  energy,  it 
may  only  be  transformed.  The  most  important  transformations  of 
energy  are  those  between  heat  and  mechanical  energy.  The  process 
of  working  these  transformations  will  be  considered  directly.  It  ia 
to  be  noticed,  however,  that  while  we  may  be  able  to  effect  a  total 
conversion  of  mechanical  energy  into  heat,  we  are  not  able  to  bring 
about  a  total  conversion  of  heat  into  mechanical  energy. 

628.  Heat  from  Percussion. — A  small  iron  rod 
placed  upon  an  anvil  may  be  heated  to  redness  by  repeated 
blows  of  a  hammer.    The  energy  of  the  moving  mass  is 
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broken  np,  so  to  speak,  and  distributed  among  the  mole- 
coles,  producing  tbat  form  of  molecular  motion  that  we  call 

heat.  The  same  transformation  was 
illustrated  in  the  kindling  of  a  fire  by 
the  ''flint  and  steel  **  of  a  century  ago. 
It  may  be  experimentally  illustrated 
by  the  "  air-syringe." 

(a.)  Theair-syriiigc  consists  of  a  cylinder 
of  metal  or  glass  and  an  accurately  fitting 
piston.  By  suddenly  driving  in  the  piston^ 
the  air  is  compressed  and  lioat  deveIoi>ed. 
A  bit  of  gun  cotton  previously  placed  in 
the  cylinder  may  thus  l>o  ignited.  If  the 
cylinder  be  made  of  glass,  and  a  bit  of  ordi- 
nary cotton  dipped  in  carb'-n  disulphide  be 
used,  rei>eated  flashes  of  light  may  be  pro- 
duced by  successive  combustions  of  ether 
vapor.  The  fumes  of  one  combustion 
must  be  blown  away  before  the  the  next 
combustion  is  attempted. 

629.  Heat  from  Friction.— 

Common  matches  are  ignited  and  cold 
hands  warmed  by  the  heat  developed 
by  friction.  It  is  said  that  some  savagcH  kindle  fires 
by  skilfully  rubbing  together  well-chosen  pieces  of  wood. 
In  the  case  of  the  axles  of  railway  cars  and  ordinary  car- 
riages, this  conversion  of  mechanical  energy  into  heat  is; 
not  so  difficult  as  its  prevention.  Lubricants  are  used  to 
diminish  the  friction  and  prevent  the  waste  of  energy  due 
to  the  undesirable  transformation.  A  railway  train  is 
really  stopped  by  the  conversion  of  its  motion  into  heat. 
When  this  has  to  be  done  quickly,  the  change  is  hastened 
by  increasing  the  friction  by  means  of  the  brakes.  Ex- 
amples of  this  change  are  matters  of  every  day  experience. 
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(a.)  Attach  a,  hnea  tube  10  em.  long,  kbont  3  em.  I 
doeed  at  the  bottom,  to  a  whirling  table.     Partly  fill  the  tabeiil 
alcohol  and  cork  the  open  eod.     Press  the  tttbe  between  ti 
of  board  hinged  logethyr  ae  shown  ID  the  6gurp.    The  boariaahoJ. 


I 

hare  two  grooves  for  the  recpption  of  the  tube ;  tlic  inner  faces  of  I 
the  bosrdB  may  be  povired  witli  leather.     Whan  the  machine 
in  motion,  tlip  frirlion  (ziinns  and  soon  boils  the  alco?io^.     Tha  v-pot 
■irivea  out  the  cork  with  a^iplosive  violence. 

630.  Firut  Law  off benuodynamios. —  IF7ien 
f>,eat  is  transformed  into  -medhanieed  energy  or 
m^eJianical  energy  into  hetet,  the  qwaniity  of  heat 
equals  the  quantity  of  inechanical  energy.  T\\\^ 
principle  is  the  corner-stone  of  thermodyDamics.  It  i 
a  particular  case  ander  the  more  general  lav  of  the  Con- 
servation of  Energy. 

631.  Joule's  EqulTOlent.— It  iaamatterofgreat 

importance  to  determine  the  nnmerical  relatioo  between 
beat  and  mechanical  energy ;  to  find  the  equivalent  of  a 
heat  nnit  in  nnits  of  work.  This  equivalent  was  first 
wsertained  by  Dr.  Joalet  of  Manchester,  England.    Hit 
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experiments  were  equal  in  number  and  variety  to  the  im- 
poi'tance  of  the  subject.    He  showed  that  the  mechanical 
value  of  the  heat  required  to  warm  a  given  weight  of 
water — 
V  C,  would  Uft  the  water {  ^  ^  ^^J^"  "^i]""^^  »^7^*^- 

r  P.,  would  lift  the  water 772    " 

and  represents  41»552,000,000  ergs  per  calorie. 

Any  weight  unit  may  be  used  without  changing  the 
above  values  which  should  be  remembered. 

Referring  to  centigrade  degrees,  we  say  that  the 
mechanical  value  of  a  calorie  is  424  kilogrammeters  or 
ihat  of  the  third  unit  (§  679  a)  is  1,390  foot-pounds. 

Referring  to  the  fourth  heat  unit  mentioned  in  §  579  («), 
we  say  that  its  mechanical  value  is  772  foot-pounds. 

632.  The  Use  of  Joule's  Equivalent.— The 

use  of  the  mechanical  equivalent  of  heat  may  be  well  shown 
by  the  solution  of  a  problem. 

{a.)  If  a  cannon-ball  weighing  192.96  pounds  and  moving  with  a 
velocity  of  2000  feet  per  second,  be  suddenly  stopped  and  all  of  its 
kinetic  energy  converted  into  heat,  to  what  temperature  would  it 
warm  100  pounds  of  ice-cold  water  ? 

Kinetic  energy  =  -^ —  = eA^^ ~  12000000  foot-pounds. 

12000000  -f-  772  =  15644  +  heat  units. 

15544  -i-  100  =  155.44  heat  units  for  each  pound  of  water.  This 
would  raise  the  temperature  155.44°  F.,  leaving  it  at  187.44°  F.    Arts, 

(6.)  Knowing  the  weight  of  the  earth  and  its  orbital  velocity,  we 
may  easily  compute  the  amount  of  heat  that  would  be  developed  by 
the  impact  of  the  earth  against  a  target  strong  enough  to  stop  its 
motion.  The  heat  thus  generated  from  the  kinetic  energy  of  the 
earth  would  be  suflBcient  to  fuse  if  not  vaporize  it,  equalling 
that  derivable  from  the  combustion  of  fourteen  globes  of  coal 
each  equal  to  the  earth  in  size.  After  the  stoppage  of  its  orbital 
motion  it  would  surely  be  drawn  to  the  sun  with  continually 
increasing  velocity.     The  heat   instantaneously  developed   from 
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this  impact  of  the  planetary  projectile  would  equal  that  derlvabli 
from  the  combustion  of  5600  globes  of  coal  each  equal  to  the  earth 
in  8iz(^  This  is  the  measure  of  the  potential  energy  of  the  earik 
considered  us  a  mass  Si*i)arated  from  the  i^un. 

iilili.  Chemical  Affinity.— We  have  already  seen 
that  there  are  forces  in  nature  compared  with  which  the 
force  of  gravity  is  insignificant,  (Bead  carefolly  the  first 
paragraph  in  this  chapter.)  When  coal  is  burned,  the 
carbon  and  oxygen  particles  rush  together  with  tremendous 
violence,  energy  of  position  being  converted  into  energy  of 
motion.  The  molecular  motions  produced  by  this  clashing 
of  particles  constitute  heat  and  have  a  mechanical  valudi 

634.  Heat  Equivalent  of  Chemical  Union.— 

If  a  pound  of  carbon  be  burned,  the  heat  of  the  combus- 
tion would  raise  the  temperature  of  about  8,000  pounds  of 
water  1°  C.  In  like  manner,  the  combustion  of  a  gram  of 
hydrogen  would  yield  about  34,000  lesser  calories. 

(a.)  The  foUowing  table  shows  the  heating  jKywere  of  several 
substances  when  burned  in  oxygen : 


Hydrogen 34,462 

Marsh  gas  (CH  J 13,063 

Petroleum 12,300 

Carbon 8,080 


Alcohol  (C,H,0) 6,850 

Phosphorus. 5,747 

Carbon  protoxide  (00)....  2,403 

Sulphur 2,230 


(b.)  The  calorific  powers  mentioned  above  may  be  adapted  to  Fah- 
renheit degrees  by  multiplying  them  respectiyely  by.{.  As  they 
stand,  the  numbers  represent  the  number  of  times  its  own  weight 
of  water  that  could  be  warmed  V  C  by  boming  the  subetance  b 

oxygen. 

635.  The  Steam-Engine.— The  steam-engine  is  a 
machine  for  utilizing  the  tension  of  steam*  Its  essential 
parts  are  a  boiler  for  the  generation  of  steam,  and  a  cylinder 
for  the  application  of  the  tension  to  a  piston. 
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(a.)  Ad  in  theeaaeof  wat«r-poweitheprodnctionof  meohaniool 
kinetic  energy  Involyes  the  fall  of  mler  from  a  higher  to  a  lower 
level,  so  \a  the  ease  of  steam-power  the  production  of  viaible 
eaergf  Involvea  the  fall  of  heat  from  a  higher  to  a  lower  lemper- 

(t36.  Single -Acting  Engine.— In  a  single-aoliDg  steam 
engine,  the  piston  is  pushed  one  way  by  the  tenaioo  of  the  steam. 
Tiio  steam  is  then  oondensoJ  and  the  pislon  driven  back  byatmoa- 
pheric  pressure.  Snoh  engines  have  gone  out  of  use  and  have  only 
an  hiatoricul  interest. 

637.  Double^  Acting  Engine. — In  a  double- 
acting  steam-engine,  the  steam  is  admitted  to  the  cylinder 
alternately  above  and  below  the  piston.  This  alternate 
admiBfflon  of  the  steam  is  accomplished  by  means  of  a 
sliding- valve.  The  eliding-valve  is  placed  in  a  steam-chest, 
S,  which  is  fastened  to  the  side  of  the  cylinder  C. 


Fig.  315. 


(o.)  In  the  fignre,  the  Bteam-cbeal  is  represented  as  being  placed 
at  a  distauoe  from  the  cylinder ;  this  is  merely  for  tlie  purpose 
of  making  plain  the  coDiinunicating  passages  to  and  fr%jin  the 
ebest.    Steam  from  the  boilec  enters  at  M,  passes  through  A  to  the 
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Fig  316. 

ejVnder,  wbere  it  pushes  down  the  piston  as  Indicated  bj  tlM 
WTOWe.  The  steam  betow  the  piston  escapee  hy  B  and  N.  As  th* 
platen  neara  the  opening  of  B  in  the  cylinder,  the  sliding -Talve  ia 
raised,  bj  means  of  the  lod  7?,  to  the  position  indicated  in  Elg. 
267,  Steam  now  enters  the  cylimier  hy  B  and  poebeenptho  piston. 
The  sti^am  above  the  piston  escapes  bj  A  and  N,  Ah  the  piston 
neara  the  opening  of  A  in  the  cylinder,  the  aliding-valre  is  pushed 
down  by  R  and  the  process  ia  tliuR  reTi<<nted.  Tbe  pi8toii--od  and 
the  aliding-yalve  rod  work  through  Bteam-tight  packing-bosta 
(Appendix  c.) 

038.   The  Eccentric— By  means  of  a  crank  or 

similar  device,  illasfcrated  in  eomraon  foot-power  machinery 
like  the  turning-lathe,  scroll-saw,  or  sewing-machine,  the 
alternating  rectilinear  motion  of  the  piston-rod  is  changed 
into  a  continuous  rotary  motion.  A  circular  shaft  is  thus 
pven  a  revolution  for  every  to-and-fro  movement  of  the 
piston.  This  shaft  generally  carries  an  eccentric  for  work- 
ing the  sliding-valve  rod  B.  The  eccentric  (Fig.  317)  con- 
frists  of  a  circular  piece  of  metal,  e,  rigidly  attached  to  the 
shaft  of  the  engine  S,  in  such  a  position  that  the  centre  (A. 
tbe  piece  does  not  comc\!\«  with,  the  centre  of  the  shall 
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The  eooentrio  tnnis  within  a  collar,  which  is  fastened  to 
the  frame  71  Every  turn  of  the  shaft  moves  the  eccentric 
with  its  collar  and  the  flramc  T,  bac^kwurd  and  forward  into 
the  two  positiona  indidEited  by  tlie  full  and  dotted  linos  of 


Fig.  317. 

'^g.  317.  The  point  a  may  be  fastened  directly  to  the 
sliding-valve  rod  or  through  the  agenc.y  of  the  bent  lever, 
abc,  as  the  circumstances  of  the  case  render  more  desirable. 

639.   The  Governor   and  Fly-Wheel.— The 

admission  of  steam  through  J/'(Fig.  .'310)  is  regulated  by  a 
throttle  valve  worked  by  a  governor  (Fig.  318).  A  vertical 
shaft  is  giyen  a  rotary  motion  by  the  machinery.  To  the< 
top  of  this  rod  are  hinged  two  arms  carrying  heavy  balls,  bb. 

Prom  these  arms,  supports  extend  to  a 
collar,  Cy  surrounding  the  vertical  rod. 
This  collar  is  connected  with  a  valve  con- 
trolling the  admission  of  steam  to  the 
I  valve-chest  in  such  a  way  that  when  the 
collar  rises  the  valve  closes.  As  the 
machinery  increases  its  speed,  the  balls 
revolve  more  rapidly  about  the  vertical 
axis  and  tend  to  fly  further  apart  (§  74). 
In  doing  so,  they  raise  the  collar  and  partly  close  the  valve, 
diminishing  the  supply  of  steam.  The  machinery  is  thus 
made  to  slacken  its  speed,  the  balls  fall,  and  the  valve  opens. 
The  rapidity  of  motion  can  therefore  be  confined  within 
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the  Umits  dne  to  cloaing  tte  tbrottle-valve  and  throwini 
it  wide  open.  Further  than  this,  smoothness  of  motion  ■ 
secured  by  attaching  a  heavy  fly-wheel  to  the  shaft  of  tbt 
engine.  A  little  refiection  will  sbbw  that  the  fly-wbeel 
also  acU  aa  an  accuinulaior  of  energy. 

640.  The  Safety-Valve.— The   Bafety-valve  is  i 
necessary  part  of  every  steam-boiler.     It  cousiBts  of  a 
valve,  V,  held  down  over  an  opening  in  the  top  of  tk 
boiler  by  means  of  a  spring  or  a 
loaded  lever  of  the  second  class. 
The  force  with  which  the  valve 
is  held  down  Is  to  be  less  than 
(he  strength  of  the  boiler,  t.  e., 
the  force  must  be  such  that  the  Fig.  319.  ' 
Talve  will  open  before  the  tension 

if  the  steam  becomes  dangerous.  On  steamboats,  thi 
weight,  W,  is  generally  hcked  in  position  by  a  Oovemment 
pfBcer. 

641.  Noii-'CondensInsr  Engines. — When  the 
Bteam  is  forced  ont  at  N'  (Fig.  SIS),  it  has  to  overcome  an 
atmospheric  pressure  of  15  pounds  to  the  square  inch. 
This  must  be  deducted  from  the  total  tension  of  the  steam 
to  find  the  available  power  of  the  engine.  Snch  an  engine 
is  known  as  s  non-condensing  engine.  It  may  be  recog- 
nized by  the  escape  of  steam  in  puffe.  It  is  generally  a 
high-pressure  engine.  The  railway  locomotive  is  a  high- 
pressure,  non -condensing  engine. 

(a )  Onlj'  a,  smalt  p&rt  of  the  heat  developed  bj  the  eombmilaon  of 
the  fuel  can  be  CDnverteil  into  mechaoical  energj  hj  the  engioe. 
Most  of  it  paBsee  off  in  the  exhaiuit  steam,  still  existing  as  lieat 
i1  effect  is  concerned.  The  tatio 
BQgine  and  the  beat  converted  for 
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doing  the  work  Is  CftHed  the  efficiency  of  the  engine.  *'It  ia  not 
possible,  even  with  a  perfect  engine,  to  convert  into  work  more  than 
15  per  cent,  of  the  heat  osed." 

642.  Condensing  Engines. — The  steam  may  b© 

conducted  from  the  exhaust  pipe,  N  (Fig.  316),  to  a  chamlx?r 

called  a  condenser.     Steam  from  the  cylinder  and  a  jet  of 

cold  water  being  admitted  at  the  same  time,  a  vucuum  la 

formed  and  the  loss  of  energy  due  to  atmospheric  pressure 

is  avoided.  Such  an  engine  is  known  as  a  condensing,  or 
low-pressure  engine. 

(a.)  Low-pressnre  engines  are  always  condensing  engines.  A  low- 
pressure  engine  will  do  more  work  with  a  given  amoant  of  fuel 
than  a  high-pressure,  non-condensing  engine  will,  is  less  liable  to 
explosion,  and  causes  lees  wear  and  tear  to  the  machinery.  But  it 
most  be  larger,  more  complicated,  more  costly  and  less  portable. 

643.  Heat  and  Work  of  Steani-Engines.-^ 

More  heat  is  carried  to  the  cylinder  of  a  steam-engine  than 

is  carried  from  it.    The  piston  does  work  at  every  stroke 

and  this  work  comes  from  the  heat  that  disappears.    Every 

stroke  of  the  piston  annihilates  heat.    Careful  experiments 

show  that  the  heat  destroyed  and  the  work  performed  are 

in  strict  agreement  with  Joule's  equivalent.    With  a  given 

supply  of  fuel,  the  engine  will  give  out  less  heat  when  it 

is  made  to  work  hard  than  when  it  runs  without  doing 

much  work. 

Exercises. 

1.  The  mechanical  equivalent  of  heat  is  1,390  foot-pounds.  What 
is  it  in  kilogrammeters  ? 

2.  Find  the  weight  of  water  that  may  be  warmed  15"  C.  by  burn- 
ing 1  ounce  of  sulphur  in  oxygen.  Ans.  148  oz. 

8.  What  weight  of  water  would  be  heated  from  0°  C.  to  V  C.  by 
the  combustion  of  one  gram  of  phosphorus  ?  Ans,  5,747  g, 

4.  One  gram  of  hydrogen  is  burned  in  oxygen.  To  what  tempera- 
ture would  a  kilogram  of  water  at  0*"  C.  be  raised  by  the  combustion  ? 

5.  From  what  height  must  a  block  of  ice  at  0°  C.  fall  that  the  heat 
genemted  by  ita  colUaion  with  the  earth  shall  be  just  able  to  melt  it  1 
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6.  From  what  height  mnst  it  fall  that  the  heat  generated  may  lit  j 
sufficient  to  vaporize  it  ?  Ans,  996,630  ft.  in  vacuo, 

7.  To  what  height  could  a  ton  weight  be  raised  by  utilizing  all  tkci 
heat  produced  by  burning  5  lb.  of  pure  carbon  ?       Ans.  28,078  ft. 

8.  Find  the  height  to  which  it  could  be  raised  if  the  coal  had  the 
following  percentage  composition : 

(7=88.42;    JT  =  5.61 ;  0  =  5.97. 

9.  To  what  temperature  would  a  cannon-ball  weighing  150  Ibt 
and  moving  1,920  feet  i^er  sec,  warm  2,000  lb.  of  water  at  32**  F.,  if 
its  motion  were  suddenly  converted  into  heat  ?  Ans,  371°  ^• 

10.  (a.)  How  many  pounds  of  water  can  be  evaporated  by  80  lb. 
of  pure  carbon  ?  (b.)  If  applied  to  iron,  how  many  pounds  could  be 
heated  from  0°  F.  to  2,000"  F.  ?     Ans.  (a.)  Not  more  than  1,203.72  IK 

11.  With  what  velocity  must  a  10-ton  locomotive  move  to  give 
a  mechanical  energy  equivalent  to  the  heat  necessary  to  convert 
48  pounds  of  ice  at  0°  C.  to  steam  at  100**  C?  Ans.  392  +  ft. 

12.  An  8-lb.  ball  is  shot  vertically  upward  in  a  vacuum  with  a 
velocity  of  2,000  feet.  How  many  poimds  of  water  may  be  raised 
from  the  freezing  to  the  boiling  point  by  the  heat  generated  when 
It  strikes  the  earth  on  its  descent  ?  Ans,  3.57  lb. 

13.  (a,)  From  what  height  must  water  fall  in  order  to  raise  its 
own  temperature  1^  C.  by  the  destruction  of  the  velocity  acquired, 
supposing  no  other  body  to  receive  any  of  the  heat  thus  generated? 
(Answer  to  be  given  in  meters.)  (6.)  How  far  must  mercury  fall  ta 
produce  the  same  effect?    (Specific  heat  of  mercury  =  .0333.) 

14.  With  a  velocity  of  how  many  cm,  per  second  must  a  leaden 
bullet  strike  a  target  that  its  temperature  may  be  raised  100°  C.  by 
the  collision,  supposing  all  the  energy  of  the  motion  to  be  spent  in 
heating  the  bullet  ?    (Specific  heat  of  lead=.0314;  ^^=980  em,    §  127.) 

15.  A  steam-engine  raises  a  ton  weight  386  ft.  How  many  calories 
are  thus  expended  ? 

16.  A  64-pound  cannon-ball  strikes  a  target  with  a  velocity  oi 
1,400  feet  per  second.  Supposing  all  the  heat  generated  to  be  given 
to  60  pounds  of  water,  how  many  centigrade  degrees  would  the 
temperature  of  the  water  be  raised  ?  Ans.  23.3. 

17.  A  cannon  ball  weighing  7  pounds  strikes  an  iron  target  with  a 
velocity  of  1,000  feet  per  second.  Suppose  the  whole  of  the  motion 
to  be  converted  into  heat  and  the  heat  uniformly  distributed  through 
70  pounds  of  the  target,  determine  the  change  of  temperature  thus 
produced.     (Specific  heat  of  iron  =  .1138.)  Ans.  17. 7**  F. 

18.  The  specific  heat  of  tin  is  .056  and  its  latent  heat  of  fusion  is 

25.6  Fahrenheit  degrees.     Find  the  mechanical  equivalent  of  the 

amount  of  heat  needed  to  heat  ^  pouTi^^  oi  \A».iTata.^^^  Y  .\K^\\s!^v&ftUr 

ing  point,  442°  F. ,  and  to  melt  Vt.       Atm.  \^5tVl .'^fc  Ss^v^wasa^ 
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Recapltnlatloii* — ^In  this  section  we  have  considered 
definition  of  Thermodynamics ;  the  Corre- 
fjation  of  Heat  and  Mechanical  Energy; 
flrcm  Percussion ;  from  Friction ;  First 
La^v  of  thermodynamics;  Joule's  Equivalent 
sad  its  Use;  Chemical  Affinity  and  the  Heat- 
ing Po^vers  of  various  substances ;  the  Single  and 
Double-acting  Steam-engines ;  the  Eccen- 
tric, Governor  and  Safety-valve ;  Condens- 
ing and  Non-condensing  Engines  ;  the  relation 
between  Heat  and  Work  in  the  steam-engine. 

Eevibw  Questions  and  Exercises. 

1.  Lead  melts  at  8S6^C.  In  melting  it  absorbs  about  as  mach 
heat  as  would  warm  5.37  times  its  weight  of  water  1"C.  What 
nmnbers  will  replace  the  826  and  5.37  when  the  Fahrenheit  scale  is 
used? 

2.  What  is  the  difference  between  the  temperatures— 40^  C.  and 
-40°  P.  ? 

8.  A  quantity  of  gas  at  100°  C.  and  under  a  pressure  of  750  mm,  of 
mercury  measures  4500  eu,  cm.  What  will  be  its  volume  at  200°  C. 
and  under  a  pressure  of  76  cm.  of  mercury  ?    Ans.  5,631  cu.  cm, 

4.  Over  how  high  a  ridge  can  you  carry  water  in  a  siphon,  wheif 
tihe  minimum  range  of  the  barometer  is  27  inches  ?    Explain. 

5.  (a.)  What  is  Specific  Gravity  ?  (6.)  How  do  you  find  that  of  solids 
heavier  than  water?    (c.)  What  principle  is  involved  in  your  method  t 

6.  (a.)  Of  what  physical  force  is  lightning  a  manifestation  ?  (&.) 
Give  some  plain  directions  for  the  construction  of  lightning-rods, 
with  reasons  for  your  directions. 

7.  Give  the  fundamental  principle  of  mechanics,  and  illustrate  !t6 
application  by  one  of  the  mechanical  powers. 

8.  {a.)  What  are  the  essential  properties  of  matter?  (5.)  What  is  a 
pendulum ;  (c.)  to  what  use  is  it  principally  applied,  and  (<f.)  what 
3U«  the  laws  by  which  it  is  governed  ? 

9.  (a.)  In  what  ways  may  two  musical  tones  differ  ?  (6.)  What  is 
the  physical  cause  of  the  diffe'*^nce  in  each  case  ? 

10.  (a.)  Convert  -3°  P.  and  77°  P.  Into  C.  readings ;  (&.)  18°  C 
ind  20°  C.  to  F.  roadinga 
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11.  (a.)  To  what  temperature  should  a  liter  of  oxjgen  at  0°  G.  be 
ndsed  in  order  to  double  its  volume,  the  pressure  remaining  con- 
stant ?    (6.)  Give  reasons  for  your  answer.    Ans.  273'*  C. 

12.  (a.)  What  is  meant  by  the  boiling  point  of  a  liquid  ?  Q>.)  State 
some  circumstances  that  cause  it  to  vary. 

13.  A  kilogram  each  of  water,  iron  and  antimony,  at  O^'C.  are 
heated  ten  minutes  by  the  same  source  of  heat,  and  are  then  found 
to  be  1"  C,  9"  C.  and  20°  C.  respectively.  Required  the  specific  heat 
of  each.  ^ 

14.  (a.)  Define  latent  heat.  (&.)  Describe  a  method  of  determining 
the  latent  heat  of  water,  (c.)  Describe  the  cooling  and  freezing  of 
a  lake. 

15.  (a.)  If  2  kilograms  of  water  should  be  suddenly  stopped  after 
falling  212  metres,  how  much  heat  would  be  generated?  (6.) 
Describe  the  essential  parts  of  a  steam-engine. 

16.  (a)  How  many  cubic  feet  of  water  will  be  displaced  by  a  boat 
weighing  two  tons  ?  (6.)  How  many  of  salt  water  of  sp.  gr.  1.09  ? 
(c.)  How  does  a  noise  differ  from  a  musical  sound  ? 

17.  The  sp.  gr.  of  alcohol  is  .8  ;  that  of  mercury  13.6.  When  a 
mercury  barometer  indicates  a  pressure  of  30  inches,  what  will  be 
the  height  of  an  alcohol  barometer  column  ?    Ans.  510  in. 

18.  (a.)  Describe  the  ordinary  force-pump;  (&.)  explain  the  use  of 
its  essential  parts. 

19.  (a.)  Give  the  ^'ormulas  for  changing  thermometric  readings 
from  F.  to  C,  and  vice  versa,  (6.)  Explain  the  graduation  of  two 
kinds  of  thermometers,    (c.)  Define  increment  of  velocity. 

20.  («.)  What  is  distillation,  and  upon  what  fact  does  the  process 
depend?  (&.)  What  is  latent  heat?  (c.)  Illustrate  the  conversion 
of  sensible  into  latent  heat,  {d.)  On  what  does  the  pitch  of  sound 
depend  ? 

21.  {a.)  Define  boiling  and  boiling-point.  (6.)  What  is  the  rate  of 
expansion  for  gases?  (c.)  Will  water  boil  at  a  lower  temperature 
at  the  sea  level  or  on  the  top  of  a  mountain  ?  Why  ?  id.)  What 
constitutes  the  timbre  of  a  sound  ?  {e.)  Give  the  formulas  for  the 
wheel  and  axle.  • 

22.  {a.)  If  the  pressure  remain  the  same,  how  much  will  546  cu.  cm. 
of  hydrogen  expand  when  heated  from  0°  C.  to  10°  C.  ?  (&.)  How 
much  work  may  be  performed  by  a  ball  weighing  64.32  lb.,  moving 
with  a  velocity  of  50  ft.  per  second?  (c.)  When  has  water  the 
greatest  density?  Ans,  (a.)  20  cu.  cm.    (6.)  2,500  foot-pounds. 

23.  Show  that  to  raise  the  temperature  of  a  pound  of  iron  firom 
0*  C.  to  100°  C.  requires  more  energy  than  to  raise  seven  tons  of  j"on 
a  foot  high. 
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^Section  i. 

THE    NATURE,   VELOCITY   AND    INTENSITY 

OF   LIGHT. 

644.  What  is  lAght?— Light  is  that  mode  of 
motion  which  is  capable  of  affecting  the  optic 
nerve.  The  only  physical  difference  between  light 
and  radiant  heat  is  one  of  wave  length. 

{a,)  We  have  seen  tliat  the  vibrations  of  air  particles  in  a  sound 
wave  are  to  and  fro  in  tlie  line  of  propagation.  In  the  case  of 
radiant  heat  and  light,  the  ether  particles  vibrate  to  and  fro  across 
the  line  of  propagation.  Vibrations  in  a  sound  wave  are  longitudi- 
nal; those  of  a  heat  or  light  wave  are  transversal, 

645.  Luminous  and  Non-Luminous  Bodies. 

— Bodies  that  emit  light  of  their  own  generating,  as  the 
Bun  or  a  candle,  are  called  luminous.  Bodies  that  merely 
diffuse  the  light  that  they  receive  from  other  bodies  are 
said  to  be  non-luminous  or  illuminated.  Trees  and  plants 
are  non-luminous. 

(a,)  Visible  bodies  may  be  luminous  or  illuminated,  but  in  either 
case  they  send  light  in  every  direction  from  every  point  in  theii 
surfaces.  In  Fig.  320  we  see  represented  a  few  of  the  infinite 
number  of  lines  of  light  starting  from  A^  B  and  (7,  three  of  ib« 
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infinite  tratuber  of  points  In  the  surface  of  a  vbrlble  object.    ^  Ai 

infinite  nvmher  of  lines  were  drarwn  from  each  of  the  infinite  TMmbtr  I 
of  poiiUe,  there  would  be  no  vacant  apaces  in 
the  figure  ;   tbe  rajB  really  intersect  at  every 
point  from  which  the  object  is  visible. 


646.  TraiiMpai-eiit,    Translu- 
cent aud  Opaque  Bodies.— Bodiea 

arc  transpareot,  translucent  or  opaque 
according  to  the  degree  of  freedom  which  '"^ 

they  afford  to  tbe  passage  of  the  luminiferons  wavea. 
Transparent  bodies  allow  objects  to  be  seen  distinctly 
through  them,  e.  g.,  air,  glass  and  water.  Translucent 
bodies  transmit  light,  but  do  not  allow  bodies  to  be  seen 
distinctly  through  them,  e.  g.,  ground  glass  and  oiled  paper. 
Opaque  bodies  cut  off  the  light  entirely  and  prevent 
objects  from  being  seen  through  them  at  all.  The  light 
is  either  reflected  or  absorbed.  So  much  of  the  radiant 
energy  as  is  neither  reflected  nor  transmitted  is  changed 
to  absorbed  heat. 

647.  LiUininous  Rays.— A  single  lino  of  light  if. 
called  a  ray.  The  ray  of  Kght  is  perpendicular  to  the 
wave  of  ether.  The  ray  may,  without  considerable  error, 
bo  deemed  the  path  of  the  wave. 

648.  Luminous  Beams  and  Pencils. — A  col- 
lection of  parallel  rays  constitutes  a  beam ;  a  cone  of  rays 
constitutes  a  pencil.  The  pencil  may  be  converging  or 
diverging.  If  a  beam  or  pencil  should  dwindle  in  thick- 
ness to  a  line,  it  would  become  a  ray. 

649.  Rectilinear  Motion  of  Liglit. — ^A  medium 
is  homogeneous  when  it  has  an  uniform  composition  and 
demjty.    In  a  A.om/0^cTieou3  m.e.A\v,jth,  li0it  travels 
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m  ttrm^ht  lines.    This  ia  a  fact  of  incalculable  seiea- 
tifie  and  otberwise  practical  importance. 

(&)  The  fnwili^r  flzperiment  of  "taking  ugM"  depeoda  upon 
flatefaet,  for  1TB  see  objects  hj  the  light  which  thrv  scud  to  the  rye 
^ftg|BBiK  we  uoand  a  comer  or  through  a  crookl-d  tube.  A  bi-uiii 
^^^^Bfhat  enters  a  darkened  toom  by  a  email  aportun',  iiiarkx  an 
^^^KH  ooonw  that  is  perfectly  straight. 

^)  TbiB  tad  may  be  illnstrated  by  providing  tvo  or  three  per- 
forated ecreena  and  arranging  them  as  shown  in  Fig.  3S1,  bo  that 
ttie  h<d«n  and  a  candle  flame  ihall  be  in  the  same  straight  line. 


Fig.  3^1. 

When  the  eye  Is  placed  in  this  line  behind  the  Bcreens.  light  passer 
from  the  flame  to  the  eye ;  the  flame  is  visible.  A  slight  displace- 
ment upward,  downward  or  sidewlse  of  the  eye,  the  flame  or  any 
screen,  cuts  oft  the  light  and  renders  the  flame  invisible. 

(«,)  Prepare  a  piece  of  wood,  1 J  x  3)  x  18  inches,  taking  care  that 
the  edges  are  square.  Saw  it  Into  wi  pieces,  each  three  inches  long. 
Prepare  three  pieces  of  wood,  3x4<  J  Inches.  Place  three  postal 
caids  one  over  the  other  on  n  lionrd,  and  pii-rre  them  with  a  flne 
awl  or  stout  needle,  1  inch  from  thi^  end  an<l  li  inch  from  either 
aide  of  the  card.  With  a  sharp  knifi'  pam  off  the  rough  edges  of 
the  holes,  and  pass  the  needle  through  (mi'Il  hoh^  tc)  make  the  edges 
smooth  and  even.  Over  the  J  x  3  inch  siirtniM^  of  one  of  the  blocks 
place  the  nnperforaled  end  of  one  of  the  postal  cards,  and  over  this 
plmeeimoof  tAe&x^  Inch  pieces,  h>  tltat  th«li  lovoi  edgee  shall  be 
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*nva.  Tack  them  In  tliia  podtion.  Make  thna  two  more  linUk) 
■creena.  The  three  acreens,  with  a  bit  of  ctuidle  three  inches  kiig, 
placud  upon  one  of  the  remaiDinj;  blocks,  furniBhes  the  materitl 
for  the  etpetimeol  above.  Save  the  screeDa  and  three  blockB  bit 
future  use.     (Seo  Fig.  tt29.) 

650.  Inverted  Images.— If  light  from  a  higblf- 
illuminatcd  body  be  admitted  to  a  darkened  room  tbrougn 
a  small  hole  in  the  shutter  and  there  received  upon  a  white 
screen,  it  will  form  an  inverted  image  of  the  object  upon 


Fig.  333. 


the  screen.  Every  visible  point  of  tb»  illuminated  object 
Bends  a  ray  of  light  to  the  screen.  Each  ray  brin^  the 
color  of  the  point  which  sends  it  and  prints  the  color  upon 
the  Bcroen.  As  the  rays  arc  straight  lines,  they  oross  at 
the  aperture;  hence,  the  inversion  of  the  image.  The 
image  will  be  distorted  nnless  the  screen  be  peT3>endicnlar 
to  the  rays.  The  darkened  room  coDstitntes  a  camera 
obscura.  The  image  of  the  school  playground  at  recess  is 
very  interesting  and  easily  produced. 

(a.)  Place  n  ll(;htpcl  candle  nbout  n  mster  from  a  white  screen  in 
a  darkened  room.  (Thti  wall  of  the  room  will  answer  for  the  screen! 
PiercB  a  large  pin-bole  in  a  card  and  hold  it  betw«en  the  flauie  and 
the  screen.     An  inverted  image  of  the  flame  will  be  found  apon  the 

((.)  Bon  an  loch  hole  in  one  dde  of  a  woodan  box;  cotv  tblt 


THE  SATUBS  Of  LIOBT.  4T9 

cpesiog  with  tin-foil  and  prick  tbe  tin-foi)  trilh  ft  nenllc.  Place  > 
llglited  candle  within  tlie  hox  ;  cloec  the  bui  wiih  a  lid  or  a  Hhawl 
iDd  hold  a  paper  ecreen  before  the  IiuIl'  in  tlio  tiu-foil.  Move  the 
•creen  backwatd  and  Forward  and  miticc  tiiai  in  uuy  jKciitiuD  the 
lize  of  the  object  ia  to  the  dse  of  the  image  as  the  distaDc^;  from 
(he  aperture  to  the  object  la  lo  the  distance  tnim  tlie  ajKrlurc  to  the 

(e.)  Cover  one  end  of  a  tabe,  10  or  13  em.  long,  wiili  tiu-fuil ;  the 
other  end  with  oiled  paper.  Prick  •  )i<D-liole  in  tlie  tiu-roil  and  turn 
it  toward  a  caudle  flame.  The  inverted  image  mar  be  seen  upon 
the  oiled  paper.  The  aiae  of  the  ima^  will  depeiiil  u]>on  the  dis- 
tance of  the  flame  from  the  aperture.  Tlii'  upiiBratud  ruilelj  rejire- 
KtttB  the  eye,  the  pin-hole  corres|iondiii^  to  the  jinpil  and  the  oiled 
paper  to  the  retina,  (Almoat  any  houtwkeejii'r  will  ^ve  you  an 
emptj  tin  can.  Place  it  npon  a  hot  stovi'  jut-t  long  enough  to  melt 
(^  one  end,  thmst  a  ntont  nail  through  the  centre  of  the  othc 
end,  carer  the  n^l-hole  with  tin-foil,  and  you  will  hnvi-  tlic  greater 
part  of  the  appaiBtna.) 

651.  Shadows.— Since  rays  of  light  ari'  Klniiglit, 
opaque  bodies  cast  shadows.     A  shadoiv  is  fhr,  dark- 


ened space  behind  an  opn-qur  hmlif  jiinii,  ii'hi(-h  all 
rays  of  light  are  nit  off  Tt  r->  soiiictiiiH'ti  culled  the 
perfect  shadow  or  tlic  iimhra.  If  the  H"iin*  nf  lifjht  lies  a 
point,  the  shiidow  will  ho  well  defiiu'd  ;  if  it  ho  a  (iurfiiw^, 
the  shadow  will  bo  surrounded  by  an  imperfect  shadow 
tnUJdd  M  penumbra.     The  penumbra  is  ttift  iaaVftmyi  6\ie<Ge 
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behind  an  opaque  body  from  which  some  of  the  rays  (the 
rays  from  a  part  of  the  luminous  sur&ce)  are  cut  off. 

(a.)  Hold  a  lead  pencil  between  the  flame  of  an  oidinaiy  lamp 
and  a  sheet  of  paper  held  about  two  feet  (61  em.)  ftosm  the  lamp  : 
(1.)  When  the  edge  of  the  flame  is  toward  the  pencil;  (2.)  .When 
the  side  of  the  flame  is  toward  the  pencil. 

663.  Visual  Angle. — The  angle  included  be- 
tween two  rays  of  light  coming  from  the  extremr 
ities  of  an  object  to  the  centre  of  the  eye  is  called 
the  visual  angle.  This  angle  measures  the  apparent 
length  of  the  line  that  subtends  it.  Any  cause  that 
increases  the  visual  angle  of  an  object  increases  its  appa- 
lent  size.    Hence  the  effect  of  magnifying-glasses.     From 


Fig.  324  we  see  that  equal  lines  may  subtend  different 
visual  angles^  or  that  different  lines  may  subtend  the  same 
iingle. 

663.  Velocity  of  Light. — ^Light  traverses  the  ether 
with  a  velocity  of  about  186,000  miles  or  about  298  mil- 
lion meters  per  second.  This  was  first  determined  about 
200  years  ago  by  Roemer,  a  Danish  astronomer. 

(a.)  At  equal  intervals  of  42h.  28m.  36s.,  the  nearest  of  Jupiter's 
satellitos  ])as8os  within  his  shadow  and  is  thus  eclipsed.  This  phe- 
nomenon would  he  seen  from  the  earth  at  equal  intervals  if  light 
traveled  instantaneously  from  planet  to  planet.  Roemer  found 
that  when  the  earth  was  farthest  from  Jupiter  the  eclipse  was  seen 
16  min.  36  sec.  later  than  'wVien.  \\ie  ^^jtWi  ^^  Ti^wt^R^  3\l^Uat.  But 
Japiterand  the  eartb  aio  ueai^Bl  e«fc\i  oiOast '^'V^so^^^isi  «%^m.'^ 
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■«me  id*  of  the  na  utd  In  k  >tnl|-ht  line  wldi  tlw  mm  (ooajnx 
turn},  ntd  ftrthwt  fnnn  each  other  when  tbe7  ue  on  oppoA 
VdM  of  the  Km  and  In  a  etnliiht  Una  with  that  Inmlnur  (oppoai 


no.  34. 

don).  Hance,  Boemer  ar^ed  that  It  reqalrea  tS  min,  86  sec,  for 
light  to  pass  over  the  diameter  of  the  e^th'a  orbit,  from  E  io  B', 
This  distance  bdng  appioxlmatelf  known,  the  velodtf  of  light  li 
eadlf  compQted. 

(t.;  The  velocity  of  light  has  been  meaenred  bj  other  meana, 
^ving  reeolta  that  agree  sahstantiallj  with  the  result  above  given. 
When  astronomers  accuntel^  determine  the  mean  distance  of  the 
urth  from  the  snn,  the  velodty  of  light  will  be  accaratelj  known. 

(&)  It  would  require  more  than  17  jears  for  a  cannon-ball  to  paaa 
•ver  the  distance  between  the  ann  and  the  earth ;  lig  ht  makes  the 
joomer  in  8  min.  18  aec  For  the  swiftest  bird  to  paaa  aroaud  the 
earth  wonid  require  three  weeks  of  continaal  flight ;  light  goes  as 
far  In  less  than  one-aeventh  of  a  second.  For  terrestrial  dietanecA, 
the  passage  of  light  la  practically  Instantaneous  (g  487). 

654.  Effect  of  Distance  upon  Intensity.— 

The  intensity  of  light  received  by  an  illumin-ated 
body  varies  inversely  as  the  square  of  its  distance 
from  the  saitrce  of  light. 

(a.)  Let  a  candle  at  S  be  the  source  of  light ;  A.  a  screen  one  foot 
■qoare  and  a  yard  from  B;  B,  a  screen  two  feet  square  two  yards 
from  Si  0,  a  screen  three  feet  square  three  yards  from  S.  It 
will  eadly  be  seen  that  A  will  cut  ofi  all  the  light  from  B  and  0. 
If  now  A  be  removed,  the  quantity  of  tight  which  it  received,  no 
mom  and  no  leas,  will  fall  upon  B.  If  now  B  be  removed,  the 
^oantlty  of  light  which  previously  iUnminated  A  and  B  will  fall 
open  0-    We  thns  see  the  same  number  of  rays  soccesslTelj  IQv- 


488  SKB  SATUBS  or  LXQBT. 

MlMitng.  fiwi.  frmr  ■nil  nlneiqaue  feet  One  ■qnaiefoot  ati^wQ 
lecelve  one-fanrth,  and  oiw 
■qnare  foot  at  C  will  recein 
on&iiliith  aa  many  rays  a* 
one  Bquarn  foot  at  A-  Th« 
light  being  diffuBol  over  a 
greater  Borface  is  coms- 
pondlngly  dunlnlabed  in  in* 

^.)  Tt£  expe]iment  ma; 
be  tried  hj  pladng  the  Uig« 
•creen  at  A  and  tracing  tha 
outline  of  tlie  shadow  with 
^^^^^^^^_^^^^      a  pendl,  then  placing  the 
Fig,  336.  acieeii  Bncceasively  at  B  and 

0,  tradng  the  shadow  each 
Ume.  The  experiment  will  be  more  aatisfactoir  if  a  perforated 
■creen  be  placed  at  8.    (See  FirU  Frin.  Nat.  PM.,  §  438.) 

EXEKOIBEB. 

1,  A  coin  is  held  S  feet  frmn  a  wall  and  parallel  to  It,  A  land' 
noQB  point,  19  inches  from  the  coin,  throws  a  shadow  of  it  apon  thv 
wall.    HowdoestheBizeoftheBhadow  compare  with  tliat  of  tlie  coin  1 

a.  (a.)  What  is  the  velocit;  of  light  1    (b. )  How  was  it  determined  I 

3.  {a.)  now  are  the  tDtensitiea  of  two  liglila  compared  t  (6.)  De- 
fine light.    («.  j  Give  joar  Idea  of  the  carrier  of  radiant  heat  and  light. 

4.  (a.)  Define  laminons,  transparent,  opaque,  Iieam  and  pendL 
(b.)  now  coald  you  show  that  light  ordinarily  mores  in  stT^bl 
lines  t    (e.)  Explain  the  formation  of  inverted  images  in  a  dark  room. 

5.  A  "standard  "candle  (burning  tSOgrainaof  Bpermp«rhoar)iB3 
feet  from  a,  wall,  a  lamp  ia  6  feet  from  the  wall.  They  cast  shadowaof 
equal  inteuBity  on  the  wall.    What  is  the  "  candle  power"  of  the  lamp  1 

Recapitulation, — In  this  Bection  V6  have  coBsideref 
the  Nature  of  Light ;  Luminous,  Illuminated, 
Transparent,  Translucent  and  Opaque  bodiesi 
Rays,  Beams  and  Pencils  of  light ;  that  l_ight 
Moves  in  Straight  Lines;  Inverted  Images 
and  Shado'ws ;  the  Visual  Angle  ;  the  Veloo* 
Hy  and  Intensity  ot  'U^^ 
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ECTIQN  II. 


REFLECTION    OF    LIGHT. 

Jfote. — The  Iteliostat,  or  forie-linKlhr,  la  ecnnpowd  of  one  or 
laore  mirrorB,  by  means  of  ^hicb  a  beam  of  light  may  be  tbrown 
Id  any  desired  direotion.  ThalaBtrnment  may  be  had  of  apparatus 
maaitfaatiiTeniat  prices  ranging  from  tl2  npwnrd.  Direotiooe  fot 
maki-gous  m»yb«  found  In  Mayor  &  Bam  an]  ^8  little  book  oa 
"Light,"  pabUshedbyD.  Appletou&Co.  It  in  very  desirable  that 
tto  instrument  be  secured  iu  some  way. 

655.  Reflection. — If  a  ennbeam  enter  a  darkened 
room  by  a  liolo  id  tlie  shutter,  as  at  A,  and  fall  upon  a 


Fig.  327. 


polished  plane  surface,  as  at  B,  it  wiU  be  continued  in  a 
different  direction,  as  toward  C.  AB  is  called  the  incident 
beam  and  BO  the  reflected  beam  (§  97).  The  incident 
and  the  reflected  beams  are  in  the  same  medium,  the  air 
A  cJian£e  in  the  direction  of  light  ivithout  a  change 
in  its  medium  is  called  reflection  of  light. 

656.  LawB  of  Beflection.— ThereflectioDoflight 
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From  polished  sorfBoes  ia  in  accordance  with  the  following 
laws: 

(1.)  The  angle  of  ificidence  is  equal  to  the  om^ 
of  reflection. 

(2.)  The  incident  and  reflected  rays  are  hoth  in 
the  saitve  j^ne,  which  ia  perpendicuZar  to  &ie 
reflecting  surface. 

(a.)  Fill  a  baain  to  the  brim  with  meicoiy  or  with  water  blackened 
with  &  little  Ink.  In  this  liquid  snepend  b^  a  thread  a  anuU 
wdght  of  greater  specific  gravitj  than  the  liquid  used  (g  253).  Th« 
plnmb-ilne  will  be  perpendicular  to  the  liquid  mirror.  Let  th* 
plumb-line  hang  from  the  middle  of  a  borisontal  meter  w  Taid- 


Fig.  3^8. 


stick.  Place  the  tip  of  a  candle  flame  oppodte  one  of  the  dlvldoni 
of  the  sdck,  and  place  the  eje  In  such  a  poddon  that  the  Image  of 
the  top  of  the  flame  will  be  seen  in  the  directitoi  of  the  foot  of 
the  plomb-line.  Mark  the  point  where  the  Une  of  vildon  (t.  e.,  the 
reflected  rays)  crowes  the  meter-stick.  It  will  be  found  that  this 
point  and  the  tip  of  the  flame  are  equally  distant  from  the  middle 
of  the  sUck.  From  this  It  follons  (Oln^s''  Geometry,  Art.  342) 
^t  the  angles  of  Incidence  and  of  reflection  are  eqnaL 

{b.)  Fig.  338  represents  a  verticAl  semicircle  graduated  to  degrees, 
with  a  background  of  black  velvet,  A  mirror  at  the  centre  is 
fumished  with  an  index  set  perpendicular  to  ita  plane;  both  mirror 
and  index  can  be  tTimed  in  any  direction  derired.  A  ray  of  light 
from  any  brilliant  source  is  allowed  to  enter  the  tube  at  the  base, 
In  the  direcUoa  of  the  centre.  By  means  of  a  little  smoke  from 
brown  paper,  the  paths  of  the  Imadent  and  reflected  raym  are  eaallj 
Mbowa  to  ft  laise  claia 
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(6.)  Place  two  of  the  acreemi  and  the  three  extra  blocks  meiii 
tkmed  in  §  649  in  position,  as  shown  in  Fig.  329.  At  the  middle 
of  the  middle  block  place  a  bit  of  window  glass,  painted  on  the 
under  side  with  black  Tarnish.  On  the  blocks  that  carry  the  screens 
place  bits  of  glass,  n  and  o,  of  the  same  thickness  as  the  black  mir. 
for  on  the  middle  block.  Place  a  candle  flame  near  the  hole  in  one 
of  the  screens,  as  shown  in  the  figure.  Light  from  the  candle  will 
pass  through  A,  be  reflected  at  m,  and  pass  through  B,  Place  the 
eye  in  such  a  position  that  the  spot  of  light  in  the  mirror  may 
be  seen  through  B,  Ma^  the  exact  spot  in  the  mirror  with  a 
needle  held  in  place  by  a  bit  of  wax.  Place  a  piece  of  stiff  writing 
paper  upright  upon  m  and  n,  mark  the  position  of  B  and  of  m, 
and  draw  on  the  paper  a  straight  line  joining  these  two  points. 
The  angle  between  this  line  and  the  lower  edge  of  the  paper 
eoinddes  with  the  angle  Bmn.    Beverse  the  paper,  placing  it  upon 


^^1 
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Fig.  329. 

in  and  o.  It  will  be  found  that  the  same  angle  coincides  with 
Amo,  Amo  and  Bmn  being  thus  equal,  the  angle  of  incidence 
equals  the  angle  of  reflection. 

667.  Dlfftised  Light.— Light  falling  upon  an. 
opaqne  body  is  generally  divided  into  three  parts :  the 
first  is  regularly  reflected  in  obedience  to  the  laws  above ; 
the  second  is  irregularly  reflected  or  diflftised ;  the  third  is 
absorbed.  The  irregular  reflection  is  due  to  the  fact  that 
the  bodies  are  not  perfectly  smooth,  but  present  little  pro- 
tuberances that  scatter  the  light  in  all  directions,  and  thus 
render  them  visible  from  any  position.  Light  regularly 
reflected  gives  an  image  of  the  body  from  which  it  came 
before  reQeotion ;  light  irregularly  reflected  gives  an  image 
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of  the  body  that  diffuses  it.  A  perfect  mirror  would  be 
invisible.  Luminous  bodies  a/re  visible  on  account 
of  the  light  that  they  emit;  nonrluminous  bodies 
are  visible  on  account  of  the  light  that  they  dif- 
fuse, 

(a.)  If  a  beam  of  light  fall  upon  a  sheet  of  drawing  paper,  it 
will  be  scattered  and  iilniuinate  a  room.  If  it  fall  upon  a  mirror, 
nearly  all  of  it  will  be  reflected  in  a  definite  direction,  and  intensely 
illuminate  a  part  of  the  room.  Place  side  by  side  upon  a  board 
a  piece  of  black  cloth  (not  glossy),  a  piece  of  drawing  paper  and  a 
piece  of  looking-glass.  In  a  darkened  room,  allow  a  beam  of  sun- 
light to  fall  upon  the  cloth  end  notice  the  absorption.  Let  it  fall 
upon  the  paper,  and  notice  the  diffusion  of  the  light  and  its  effect& 
Let  it  fall  upon  the  looking-glass,  and  notice  the  regular  reflection 
and  its  effects.  Move  the  board  so  that  the  cloth,  paper  and  glass 
fihall  pass  through  the  beam  in  quick  succession,  and  notice  the 
effects. 

(&.)  In  the  darkened  room  place  a  tumbler  of  water  upon  a  table ; 
with  a  hand-mirror  reflect  a  sunbeam  down  into  the  water;  the 
tumbler  will  be  visible.  Stir  a  teaspoonful  of  milk  into  the  water, 
and  again  reflect  t^e  sunbeam  into  the  liquid ;  the  whole  room  will 
be  illuminated  by  the  diffused  light,  the  tumbler  of  milky  watei 
acting  like  a  luminous  body. 

658.  Invisibility  of  Light.— JSay^  of  Ugh*  Uuxt 
do  not  enter  the  eye  are  'invisible.  A  Bunbeaiii 
entering  a  darkened  room  is  visible  because  the  floatiiig 

• 

dust  reflects  some  of  the  rays  to  the  eye.  If  the  refleotmg 
particles  of  dust  were  absent  the  beam  would  be  inviaiMeu 

{a.)  Take  any  convenient  box,  about  QX^cm.  {%ft,)  on  each  edge, 
provide  for  it  a  glass  front,  and,  at  each  end,  a  glass  window  wXnauX 
10  em.  (4  inches)  square.  Place  it  on  a  table  in  a  darkened  loonit 
and,  with  the  heliostat,  send  a  solar  beam  through  the  windflfWB. 
Standing  before  the  glass  front  of  the  box,  this  beam  may  be 
traced  from  the  heliostat  to  the  box,  through  the  box  and  beyond 
it.  Open  the  box,  smear  the  inner  surfaces  of  its  top,  back  and 
bottom  with  glycerine,  an'i  close  the  box  air-tight.  Allow  it  to 
remain  quiet  a  few  days ;  the  dust  in  the  box  will  be  caught  by 
the  gljrcerino  and  the  confined.  «jx  \3[i\L&  iT«e^iioai  \«3l^8k!SL<^li^^9l!^fdalA 


4rf  Kdeottng  light.  Then  send  another  aol&r  hmn  ttom  the  hello- 
■Ut  thnmgh  the  two  windows  of  the  box.  Btmdlng  aa  before, 
the  heam  but  ^  tmced  to  the  box  and  beyond  It,  bat  within  tha 
box  all  la  daAneoai 

659.  Apparent  Direction  of  Bodies.— Eveij 

point  or  a  risible  object  sends  s  cone  of  lajs  to  the  eye. 
The  pupil  of  the  eye  ui  the  base  of  the  cone.  2%«  point 
always  appears  at  tha  place  where  these  rays  seem 
to  intersect  (t.  0^  at  the  real  or  apparent  apex  of  the  cone). 
If  the  rays  pass  in  straight  lines  from  the  point  to  the  eye^ 
the  apparent  position  of  the  point  is  itB  real  position.  If 
these  rays  be  bent  by  reflection,  or  in  any  other  manner, 
ift*  point  wiU  appear  to  be  in.  the  directwn  of 
the  rays  as  they  enter  the  eye.  No  matter  how 
deviona  the  path  of  the  rays  in  comiog  from  the  point  ta 
the  eye,  this  important  mle  holds  good. 

660.  Plane  Mirrors;  Virtual  Images.— If  av 

object  be  placed  before  a  miiror,  an  image  of  it  appears 
I  behind  the  mirror.  In- 
asmuch as  the  rays  of 
I  the  cone  mentioned  in 
g  659  do  not  actually  con- 
I  verge  back  of  the  mirror, 
there  can  be  no  reaHmage 
there.  Aa  there  really  is 
no  image  behind  the  mir- 
ror, we  call  it  a  viTtual 
—  image.  All  YJi^iual  images 
are  optical  illusions,  and 
•n  to  be  clearly  distingnished  from  the  real  images  to  be 
Btadied  soon.  Each  point  of  this  image  tviU  seem 
to  be  cts  far  behind  the  jnirrar  as  tha  correspond* 
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ing  poin/t  of  the  object  is  in  front  of  the  mirror. 
Hence,  images  seen  in  stil],  clear  water  are  inverted. 

(a.)  In  fig.  880,  let  A  represent  a  luminons  point ;  MM,  a  minora 
AA'  and  BO,  lines  perpendicular  to  the  mirror.  Bays  from  A  ente! 
the  eye  at  DD".  The  angle  ABO  =  the  angle  OBB  (§  656).  The 
eoigle  ABO  =  the  angle  ^^^'  (Olney*s  Geometry,  Art  150).  Thero^ 
fore  the  angle  GBD  =  the  angle  BAA',  The  angle  CBD  =  the  angle 
BA'A  iOlney,  152).  Therefore  the  angle  BAA'  =  the  angle  BAA 
Hence  AM  =  A^if  (Olney,  287).  In  other  words,  J.'  is  as  far  behind 
the  mirror  as  ^  is  in  front  of  it. 

(p.)  Place  a  jar  of  water  10  or  15  em,  back  of  a  pane  of  glass  placed 
upright  on  a  table  in  a  dark  room.  Hold  a  lighted  candle  at  the 
same  distance  in  front  of  the  glass.  The  jar  will  be  seen  by  light 
transmitted  through  the  glass.  An  image  of  the  candle  will  be 
formed  by  light  reflected  by  the  glass.  The  image  of  the  candle 
will  be  Been  in  the  jar,  giving  the  appearance  of  a  candle  burning 
in  water.  The  same  effect  may  be  produced  in  the  evening  by  partly 
raising  a.  window  and  holding  the  jar  on  the  outside  and  the  candle 
on  the  irisidel 

661.  Reflection  of  Rays  from  Plane  Mir- 
rors.- -If  the  incident  rays  be  parallel,  the  reflected  rajrs 
will  be  parallel.  If  the  incident  rays  be  diverging,  the 
reflected  rays  will  be  diverging ;  they  will  Beam  to  diverge 
from  a  point  as  far  behind  the  reflecting  sur&o^  as  their 
source  is  in  front  of  that  surface  (See  Fig.  330).  If  the 
incident  rays  be  converging,  the  reflected  rays  will  be  con- 
verging ;  they  will  converge  at  a  point  as  far  in  front  of 
the  mirror  as  the  point  at  which  they  were  tending  to 
converge  is  behind  the  mirror. 

662.  Construction  for  the  Image  of  a 
Plane  Mirror. — The  position  of  the  image  of  an  object 
may  be  determined  by  locating  the  images  of  several  well- 
chosen  points  in  the  object  and  connecting  these  images. 

{a!)  In  Pig.  381,  let  AB  represent  an  arrow ;  MN,  the  reflecting 
Borface  of  a  plane  miiror,  and  E  1i\i<&  «5^  ol  ^^  ^Sobrsc^^sk^  "^vso^ 


f 
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Fig.  331- 


At  draw  Aa  perpendicular  to  MN  and  make  ad  equal  to  Ad,    Then 
^  will  a  indicate  the  position  of  the  image 

of  A.  From  B,  draw  Bh  perpendicular 
to  MN  and  make  he  equal  to  Be.  Then 
will  h  indicate  the  poeition  of  the  image 
of  B,  By  connecting  a  and  h  we  locate 
the  image  of  AB.  Draw  aE,  bE,  Ao 
and  Bi.  AoE  represents  one  pay  of  the 
oone  of  rays  from  A  that  enters  the  eye  ; 
BiE  represents  one  ray  of  a  similar  cone 
from  B.  Draw  a  similar  figure  on  a 
larger  scale,  representing  the  eye  at  G, 
Test  yooT  figure  by  seeing  if  the  angle  of  incidence  is  equal  to  the 
angle  of  reflection.  In  all  such  constructions,  represent  the  direction 
of  the  rays  by  arrow-heads,  as  shown  in  Fig.  331. 

663.  Multiple  Images. — By  placing  two  mirrors 
being  each  other,  we  may  produce  multiple  images  of 
an  object  placed  between  them.  Each  image  acts 
as  a  material  object  vdth  respect  to  the  other 
mirror,  in  which  we  see  an  image  of  the  first 
image.  When  the  mirrors  are  placed  so  as  to  form  an 
angle  with  each  other,  the  number  of  images  becomes 
limited,  bemg  one  less  than  the  number  of  times  that  the 
included  angle  is  contained  in  four 
right  angles.  The  mirrors  will  give 
three  images  when  placed  at  an  angle 
of  90°;  five  at  60°;  seven  at  45°. 


(a.)  When  the  mirrors  are  placed  at  right 
angles  the  object  and  the  three  images  will 
be  at  the  comers  of  a  rectangle  as  shown  at  ^  ^ 
Af  a,  a'  and  a". 


a 


Fig.  332. 


664.  Concave  Mirrors.  —  A  spherical  concave 
mirror  may  be  considered  as  a  small  part  of  a  spherical 
shell  with  its  inner  surface  highly  pohshed.  Let  MW  (Fig. 
333)  represent  the  section  of  such,  a  concave  spherical  mip- 
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ror,  and  C^Uie  centre  of  the  coiresponding  sphere.  OiaeaiitA 

the  centre  of  curvature;  A  ia  the  centre  of  the  mirror.    A 

straight  line  of  indefinite  length  drawn  from  A  throngli 

C,a&A  OX,  ia  called  the  principal  axis  of  the  mirror.    A 

straight  line  drawn  from  any  other  point  of  the  mirrof 

through    C, 

JCd,  is  called  a  | 

eecondary 

The    point    F, 

midway  bet' 

A    and    C,    ... 

called  the  prin- 

cipal  focus.    The  distance  jiF  is  the  focal  distance  of  tha 

mirror ;  the  focal  distance  is,  therefore,  one-half  the  radins 

of  curvature.     The  angle  MCN  is  called  the  aperture  of 

the  mirror. 

(a.)  A  carved  surface  ma^r  be  con^dered  ba  made  np  of  an  infinite 
DQinber  of  small  plane  surfaces.  Thus,  a  raj  of  light  reflected  from 
auf  point  on  a  c^urvcd  mirror  may  be  considered  aa  reflected  from  a 
pUoe  tangent  to  the  curved  surface  at  the  point  of  reflection.  This 
reflection  then  takes  place  in  accordance  with  the  principles  laid 
donn  in  g  S5Q.  It  should  be  borne  In  mind  that  the  ndil  drawn 
from  C  U)  points  in  the  mirror  as  I  and  J  are  perpendicolar  to  the 
mirror  at  these  points.  Thus,  the  anglesof  inddence  and  reflection 
for  any  ray  itay  be  easily  detennined. 

665.  Effect  of  Concave  Mirrors.—?^  ten. 
dency  of  a  concave  mirror  is  to  increase  the  co?i- 
vergence  or  io  decrease  the  divergence  of  incident 
rays. 

{a.)  It  the  divergence  be  that  of  rays  Issning  from  the  prlndpa] 
focoB,  the  mirror  will  exactly  overcome  it  and  reflect  them  as  par. 
allel  rays.  If  the  divergence  be  gieater  than  this,  viz.,  that  of  raji 
isaalag  from  a  point  nearer  the  miTTor  than  the  prindpal  focus,  tha 

mirmr  coIUlOt  Vrhollj  OVBrCOme  &e  ftS^f nryT«.f-  ,'Vin\. -wSA  WwAtAA. '^ 
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rhe  refleeCed  rayft  trill  still  dlTerge,  but  not  so  rapidly  as  l^e  incident 
rays.  If  the  diveigence  be  less  than  that  first  mentioned,  viz.,  that 
of  rays  Isnning  from  a  p<^t  farther  from  the  mirror  than  the  prin- 
cipal f  ocuB,  the  diveigence  will  be  changed  to  convergence  and  a 
leal  focus  will  be  f onned. 

666.  The  Principal  Focus.— The  focus  of  a  con- 
cave mirror  is  the  point  toward  which  the  reflected  rays 
oonyerga  All  incident  rays  parallel  to  the  principal  axis 
win,  after  lefleotiouy  converge  at  the  principal  focus.  Tlie 
pHneipaZ  focus  is  the  focus  of  rays  parallel  to  the 
principal  axis.  The  rays  will  be  practically  parallel 
when  their  source  is  at  a  very  great  distance,  e,  g,y  the  sun's 
rays.  Solar  rays  coming  to  the  human  eye  do  not  diverge 
a  thousandth  of  an  inch  in  a  thousand  miles. 

{a.)  Above  we  stated  that  parallel  rays  would  be  made  to  converge 
at  the  principal  focus  of  a  spherical  concave  mirror.  This  is  only 
approximately  true;  it  is  strictly  true  in  the  case  of  a  parabolic 
mirror.  In  order  that  the  difference  between  the  spherical  and  the 
parabolic  mirror  may  be  reduced  to  a  minimum,  the  aperture  of  a 
spherical  mirror  mnst  be  small.  The  case  is  somewhat  analogous 
to  the  coincidence  of  a  circular  arc  of  small  amplitude  with  the 
cycloidal  curve  (§  144,  a).  A  source  of  light  plac^  at  the  focus  of 
a  parabolic  mirror  will  have  its  rays  reflected  in  truly  parallel  lines. 
The  head  lights  of  railway  locomotives  are  thus  constructed.  Para* 
bolic  mirrors  would  be  more  common  if  it  were  not  so  diflicult  to 
make  them  aocorately. 

667.  Coivingate  Foci.— Eays  diverging  from  a 
luminous  point  in  f5ront.of  a  concave  spherical  mirror  and 
at  a  distance  from  the  mirror  greater  than  its  focal  distance, 
will  converge,  after  reflection,  at  another  point.  The  focus 
thus  formed  vrill  be  in  a  line  drawn  through  the  luminous 
point  and  the  centre  of  curvature.  In  other  words,  if  the 
luminous  point  lie  in  thr  principal  axis,  the  focus  will  also ; 
if  the  luminous  point  lie  in  any  secondary  axis,  the  focus 
will  lie  in  the  same  secondary  axis.    Tlie  distinction  be- 
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tween  principal  and  Becondaiy  &xeB  is  almost  wholly  ona 
of  conTenienoe,  BajB  diverging  from  B  will  form  &  foona 
at  b.   The  angle  of  incideDce  being  necessarily  equal  to  the 
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angle  of  reflection.  It  is  eTident  that  rays  diverging  from  i 
would  form  a  focus  at  B.  On  account  of  this  relation 
between  two  such  points,  they  are  called  conjugate  focL 
Therefore,  conjugate  foci  are  two  points  so  related 
that  each,  forma  the  image  of  ^le  o^er. 

aas.  Construction  for  Conja^te  Fod.— In  th«  cu* 

of  concave  mirrors,  to  locate  the  conjugate  foons  ctf  a  lumlnoiia 
point,  it  is  neceesarj  to  find  the  point  at  which  at  least  two  reflected 
nyB  really  or  apparently  intersect.     The  method  mtj  be  UlostiaW 
*  U  f  ollons : 


FlO.  335- 

<1.)  Let  8  (Fig.  3S5)  represent  Uie  Inmlnons  point  whow  aa» 
tIgMte  tocuB  1b  to  be  located.    U  m&y  nt  may  not  Ue  In  the  pTln(9|i4 
mA    Diaw  the  ula  tor  fhe  po\iA.  B,  v»^  t.\aiB  tenu.  &  ■bxaoJK^ 
17 
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lh«  «eBtra  of  enmtan,  to  the  sdnor.  Thla  Uns  TapraMmU  ona  ol 
the  Infinito  number  of  iifa  aent  from  S  to  the  mirror.  As  thii 
tnddeut  t^  ia  perpemlicuUr  to  the  mirror,  the  rellected  tty  nlll 
ooliicide  wUb  It.  (Angles  at  incidence  uid  of  lellection  =  0.)  The 
coDJngats  fociu  mum  therefora  lie  in  a  line  drawn  through  B  and  V. 
Craw  ft  Una  rapiCHntUig  wsoe  other  ta.y,  aa  Bi.  From  i,  the  point 
of  |n"»-*im*  diaw  the  dotted  perpendicular  iG.  Construct  the 
uglo  Oia  aqaol  to  the  angle  (SB.  Then  will  it  lepieeent  the  direc- 
tion Ot  flu  ndMted  n^.  The  focua  muat  alao  lie  in  this  line.  The 
inteiMetlon  of  thia  line  with  the  line  drawn  through  80  marks  the 
podtiott  of  *,  the  oonjugate  focus  of  B. 

^)  If  the,  reflected  lafs  be  paiallel,  of  conise  no  focna  can  be 
formed.  If  thej  be  diTergeot,  produce  'hem  back  of  the  mirror  aa 
dotted  lines  (Fig.  88S)  udUI  they  intenect  In  this  case  the  focus 
will  be  Tiitnal,  because  the  rays  only  seem  to  meet.  In  the  other 
cases  the  toens  was  n»l,  beeanse  the  rays  actually  did  meeL 
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(8.)  VUh  a  radius  of  4cm.,  describe  ten  arcs  of  small  aperture  to 
represent  the  secHons  of  spherical  concave  mirrors.  Mark  tlio 
centres  of  oamtnre  and  priudpal  fod,  and  draw  the  prindpal 
axis.  Find  the  conjugate  fod  for  points  in  the  principal  aiia 
designated  as  follows :  (1.)  At  a  distance  of  1  em.  from  the  mirror. 
(8.)  Two  Ml.  from  the  mirror.  (3.)  Three  em.  from  the  mirror. 
(4)  Four  an.  from  the  mirror.  (5.)  Six  em.  from  the  mirror. 
Make  Bve  similar  couBtructions  for  poiuta  not  in  the  prindpal  axis 
Notice  that  each  effect  is  in  consequence  of  the  equality  between 
flie  angle  of  Inddenoe  and  the  angle  of  reflection. 

669.  Formation  of  Images. — Concave  miiron 
^fm  liao  to  two  Jcfndfl  of  imagea,  real  and  virtoaL    Aftet 
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lesramg  what  has  been  eaid  coaceming  conjugate,  real  and 
virtual  foci,  the  Formation  of  these  images  will  be  easily 
nnderatood.  The  image  of  an  object  is  determined  b; 
finding  the  images  of  a  number  of  points  in  the  object 

B70.  ConstmctioD  for  Beal  Images  Formed  bj 
Concave  Mirrors.— (1.)  The  method  maj  be  lUnatnted  u 
follone :  Let  AB  represent  ux  object  In  front  ot  a  ocmeave  minor, 
at  a  distance  greater  thui  the  radlna  of  enrratnie.  Draw  Ax,  the 
Becoodarj  axis  for  the  point  A,  The  conjugate  focus  <rf  A  will  lie 
In  this  line  (g  668  [1]).  From  the  infinite  number  of  1*78  sent 
from  A  to  the  mirror,  select,  u  the  second,  the  one  that  is 
parallel  to  the  prindpa]  axis.  This  ray,  after  reflectian  u  i,  wfH 
pass  through  the  principal  focus  (§  006).  The  reflected  n^a.U'iad 
tA  {secoudar;  axis  for  A),  will  intersect  at  a.  whldl  )m  ttfl  diik 
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jugate  focQB  for  A  In  simUar  manner,  b,  the  conjugate  focus  lot 
B,  maj  be  fonnd.  Points  between  A  and  B  will  hATe  their  con 
|ugate  fod  between  a  end  b. 

(^.)  If  the  eye  of  the  observer  be  placed  far  enou^  hwA  of  the 
image  thus  formed  for  all  of  the  image  to  lie  between  the  ejre  and 
the  mirror,  it  will  receive  the  game  impreealon  froin  the  reflected 
niTS  BB  if  the  image  were  a  real  object.  AH  of  the  rays  from  any 
point  in  the  object,  as  A,  that  fall  npon  the  mirror,  intersect  after 
leflectiou  at  a,  the  conjugate  focna.  These  reflected  rays,  after 
tBterseetiug  at  a,  form  a  dVvergeiA  '^^ntiii.  k  ctjtia  til  >&«m^  ¥t.^ 
ibuB  dir^gfag  from  a  enlers  &.«  eje^   "^^  oA^frEifiSi-s  &^«t^ 
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fNn  A,  but  a*  Ij^y  mt«t  Um  tf/t,  Om^  dWaig*  from  a.  Henoa  dw 
aSeet  piodooed  (g  609). 

^.)  Fiom  the  sbsllAr  triuiglei^  ABO  and  abC,  it  Is  eTident  thu 
flte  linear  dimanslaiui  of  tlie  object  and  of  it«  image  are  dltecOf 
proportimuU  to  tbdr  dintancea  fram  the  centre  of  carTBture.  It 
may  aJao  lie  proved  that  the  length  of  the  object  is  to  the  length  of 
the  image  as  the  dlstanoe  of  the  object  from  the  principal  fociu  is 
tothe  fo(»l  dlatuwe  of  the  minor. 

(4.)  ffiace  the  Unea  that  join  correepMtding  poiuto  of  object  and 
liiage  crooB  at  the  oenbe  of  ciuTatnre,  the  rral  images  formed  b; 
(oncave  miiroia  are  aliraya  InvertMi 
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671.  Projection  of  Real  Ima^s  by  Con- 
cave Mirrors. — ^The  real  ima^  formed  by  a  concave 
miiror  may  be  reDdered  visible  even  when  the  eye  of  the 
observer  ia  not  in  the  poeiHon  mentioned  in  the  laat  article, 
by  projecting  it  upon  a  screen.  In  a  darkened  room,  let  a 
candle  flame  be  placed  in  front  of  a  concave  mirror,  at  a 
diBtance  &om  it  greater  than  the  focal  distance.  Incline 
the  mirror  30  that  the  flame  shall  not  be  on  the  principal 
«za    Place  a  paper  screen  at  the  con^TiLg^  1qc\i&  of  «a) 
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point  in  the  luminous  object  The  proper  position  for  the 
screen  may  easily  be  found  by  triaL  Shield  the  screen  fix>m 
the  direct  rays  of  the  flame  by  a  card  painted  black.  The 
inverted  image  may  be  seen  by  a  large  class.  If  the  image 
fall  between  the  mirror  and  the  candle,  the  screen  should 
be  quite  small.    (See  First  Principles,  Pig.  205.) 

672.  Description  of  Real  Images  Formed 
by  Concave  Mirrors. — (1.)  If  the  object  be  at  the 
principal  focus  there  will  be  no  image.  Why  ?  (You  can 
find  out  by  trying  a  construction  for  the  image  (§  670). 
(2.)  If  the  object  be  between  the  principal  loons  and  the 
centre  of  curvature^  the  image  will  be  beyond  the  centre, 
inverted  and  enlarged.  The  nearer  the  dbjeot  is  to  the  prin- 
cipal focus,  the  larger  and  the  further  removed  the  image 
will  be.  (3.)  When  the  object  is  at  the  centre,  the  image 
is  inverted,  of  the  same  size  as  tiie  object  and  at  the  same 
distance  from  the  mirror.  (4.)  When  the  object  is  not 
very  far  beyond  the  centre  of  curvature,  the  image  will 
be  inverted,  smaller  than  the  object,  and  between  the 
centre  and  the  principal  focus.  (5.)  When  the  object  is 
at  a  very  great  distance,  all  of  the  rays  will  be  practically 
parallel ;  there  will  be  but  one  focus,  and  consequently  no 
image. 

(a.)  For  each  of  these  five  cases  constract  the  images.  The  third 
case  may  be  prettily  illustrated  as  follows :  In  front  of  the  mirror, 
at  a  distance  equal  to  the  radius  of  curvature,  place  a  box  that  is 
open  on  the  side  toward  the  mirror.  Within  this  box  hang  an 
inverted  bouquet  of  bright-colored  flowers.  The  eye  of  the  olMierver 
is  to  be  in  the  position  mentioned  in  §  670  (2).  By  giving  the  mirror 
a  certain  inclination,  easily  determined  by  trial,  an  image  of  th^ 
invisible  bouquet  will  be  seen  just  above  the  box.  A  glass  vase 
iziay  be  placed  upon  the  \>ox  ao  tYi»i  M  tx^b."}  ^eem.  to  hold  the  imaged 
£ower8. 
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673.  Constraction  Tor  Vlrtnal  Images  fbrmed  bj 
Concave  Mirrors.— Let  AB  represent  ui  object  in  front  of  i 
eoDCftve  mirror  at  •  distance  from  It  leaa  than  the  focal  distance. 
Dikw  the  Becondarj  aiee  for  the  points  A  and  B,  and  produce  them 
back  of  the  mirror  m  dotted  linee.  From  A  and  B,  draw  the  inci- 
dant  i&]rB  Ao  and  Bi,  parallel  to  the  principal  axis.  After  reflection 
thflj  will  pass  throogh  the  principal  focus  (g  06fi|.  Produce  these 
lajB  back  of  the  mirror  as  dotted  lines  until  they  intersect  tlio 
prolongatioDS  of  the  secondarj  aiee  at  a  and  h,  which  wUl  be  the 
rirtoal  coDJngate  fod  for  A  and  B.  The  conjugate  foci  for  other 
points  in  AB  will  be  between  a  and  h.  Therefore,  if  the  object  be 
between  the  principal  toons  and  the  ndmr,  the  image  will  br 
rirtual,  erect  and  enlaigsd. 


Fig.  33g. 
674,  Images  of  the  Observer  formed  by  a 
Concave  Mirror.— A  person  at  a  considerable  distance 
before  a  coacave  mirror,  aeea  his  image,  real,  inverted  and 
smaller  than  the  object  As  he  approochea  the  centre  of 
cnrvatupe,  the  image  increases  in  size.  Ae  the  observer 
moves  from  the  centre  to  the  principal  focus,  the  image  is 
formed  back  of  him  and  is,  therefore,  invisible  to  him.  As 
he  moves  from  the  principal  focus  toward  the  mirror,  the 
image  becomes  virtual,  erect  and  magnified,  but  gradually 
g^^wing  smaller.  The  eye  irill  not  always  recognize  real 
images  as  being  in  front  of  the  mirror.    It  may  some- 
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times  be  aiddi  ia  thie  respect  hy  extending  the  outq>Teftd 
fingers  between  the  image  and  the  minor. 

675.  Convex  Mirrors. —  In  conyex  mirrors,  the 
foci  are  all  virtnal;  the  imagea  are  virtaal.  erect  and 
smaller  than  their  objects.  The  tbci  may  be  foand  and 
the  images  determined  by  the  means  already  s$t  forth. 
The  coDBtraction  is  made  sufficiently  pUin  by  Pig,  340, 
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Note. — In  conBtTQctions  for  cnrred  mlrron,  we  have  clioseii  tw» 
particular  rays  for  each  focus  sought ;  one  perpendicular  to  tha 
mirror,  the  other  parallel  to  the  principal  axis.  This  was  only  fof 
the  sake  of  convenience.  Any  two  or  more  incident  rays  might 
have  been  taken  and  the  direction  of  the  reflected  rays  determined 
by  making  the  angle  of  reflection  equal  to  the  angle  of  iucideuce. 

Exercises. 

1.  What  must  be  the  angle  of  incidence  that  the  angle  between 
&«  incident  and  the  reflected  rays  shall  be  a  light  angle  T 

2.  The  radius  of  a  concave  mirror  is  18  inches.  Determine  tbs 
conjugate  focus  for  a  point  on  the  prindpil  axis,  12  inches  front 
the  mirror. 

8.  (a.)  Illustrate  by  a  diagram  the  Image  of  an  object  placed  at  tb* 
principal  focus  of  a  concave  mirror  ;  (i.)  of  one  placed  t)etwe«B 
tiiat  focua  and  the  nunoi ',  (,&.')<)(  ODe^\BCif&.'^w&'W«aVa&l!aeiiB*Bd 
the  ventre  of  the  n^rroi. 
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4  (a.)  Whkt  kind  of  mirror  alwajB  makes  the  image  smaller  Ihca 
the  object?  (b.)  What  kind  of  a  mirror  may  make  it  larger  of 
■mailer,  and  according  to  what  drcumstances  ? 

5.  Bays  jMurallel  to  the  principal  axis  fall  upon  a  convex  mirror 
Draw  a  diagram  to  show  the  course  of  the  reflected  rays. 

6.  (a.)  Why  do  images  formed  by  a  body  of  water,  appear  in- 
verted? (p.)  What  is  the  general  effect  of  concave  mirrors  upos 
incident  rays? 

7.  A  person,  placed  at  a  considerable  distance  before  a  concave 
mirror,  sees  his  image,  (a.)  How  does  it  appear  to  him  f  He  ap- 
proaches the  minor  and  the  image  changes.  (6.)  Describe  the 
changes  that  take  place  until  he  sees  a  virtual  image  of  himself. 

8.  A  mm  stends  before  an  upright  plane  mirror  and  notices  that 
he  cannot  wee  a  complete  image  of  himself,  (a.)  Could  he  see  a 
complete  image  by  going  nearer  the  mirror  ?  Why  ?  (b. )  By  going 
further  from  it  ?    Why? 

9.  When  the  son  is  80"  above  the  horizon,  its  image  is  seen  in  a 
tranquil  pool.    What  is  the  angle  of  reflection  ? 

10.  A  penon  stands  before  a  common  looking-glass  with  the  left 
eye  shut.  He  oovers  the  image  of  the  closed  eye  with  a  wafer  on 
Ike  glass.  Show  that  when,  without  changing  his  position,  he 
opens  the  left  and  closes  the  right  eye,  the  wafer  will  still  cover  the 
image  ef  the  dofled  eye. 

11  The  distance  of  an  object  from  a  convex  mirror  is  equal  to  the 
radius  of  curvature.  Show  that  the  length  of  the  image  will  be 
one-third  that  of  the  object. 

Becapitulation. — In  this  section  we  have  considered 
the  Nature  and  Laws  of  Reflection;  Dif- 
fused and  Invisible  ligbt;  the  Apparent  Direc- 
tion of  bodies;  Images  formed  in  Plane  Mirrors 
and  their  Construction ;  Concave  Mirrors, 
their  Effects,  Principal  and  Conjugate  Foci; 
Images  formed  by  them  with  their  Construction, 
Projection  and  Description;  foci  and  images  foi 
Convex  Mirrors. 
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REFRACTION   OF   LIGHT 

*itQ.  Preparatory. — So  far,  we  have  consideTed  onlj 
that  part  of  the  iuctdeDt  beam  that  is  turned  back  from 
the  TeSecting  surface.  Ab  a  general  thing,  a  part  of  the 
beam  enters  the  reflecting  sabstaoce,  being  rapidly  absorbed 
when  the  enbetance  is  opaqae  and  freely  transmitted  when 
the  snbatance  iB  transparent.  We  have  now  to  coneider 
Ihose  rays  that  enter  a  transparent  enbataoce. 

(a.)  ProcuN  *.  clear  glass  boUlfi  with  flat  aides,  B,boDt  4  inchei 
(10  em.)  broad.  OnoneBiil"  paste  u  pie™  of  paper,  In  which  aclrcD. 
lar  Iiole  htta  been  cat.  On 
this  clear  circalor  Bpttce, 
dmw  two  ink-markB  at 
right  angles  to  each  | 
other,  as  ahovm  in  Fig. 
Ml.  Fill  the  botUe  with  I 
clear  water  ap  to  the  ' 
level  of  the  horizontal 
Ink-mark.  Hold  it  bo 
that  a  horizontal  bdD' 
beam  from  the  heliostat 
maj  paBB  through  the 
clear  aldefi  of  the  bottle  { 
above  the  water,  and  no- 
tice that  the  beam  passes 
throDgh  the  bottle  In  a 
Btnlght  line.  Raise  the  , 
bottle  BO  that  the  beam 
■hall  pass  through  the 
water,  and  notice  that  the 
beam   is    still    straight.  "«.  34I 

In  a  card,  cnt  a  slit  abont 

0  cm.  long  and  1  mm.  wide.    Place  the  card  against  the  bottlo  U 
tbomi  in  the  figoie.    Be&ccl  tbe  ^wam. I^owuga 'Ccck   lUhwithUit 
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aiuH  fall  npon  Ihe  snrfue  of  tlie  w>ter  at  i,  the  iDtoneetlon  of  tlM 
two  ink-nutrka.  Notioe  that  the  Mflected  beam  is  straight  until  It 
teaches  the  water,  hot  that  It  1«  bent  as  it  obUqaely  enters  the 
water. 

tt77.  'R«inuMon,—B6fraeUon  of  light  ia  tka 
bending  of  a  luminous  ray  luhen  it  passe*  from 
me  medUim  to  another. 

678.  Index  of  Refi'aGtion. — If  a  ra;  of  light  irom 
L  (Fig.  343)  fall  upon  the  surface  of  water  at  A,  it  will  be 
Reacted  88  shown  in  the  figure.  The  angle  LAB  is  the 
ngle  of  inoidenoe  and  KAC  the  angle  of  refraction,  BG 
tUDg  peipendicnlar  to  the  water's  aurface.  From  ^  as  a 
centra  with  a  radius  eqtial  to  unity, 
I  describe  a  circle.  From  the  points  m 
and  p,  where  thia  circle  cuts  the  inci- 
dent and  refracted  rays,  draw  mn  and 
pq  perpendicular  to  BC.  Then  will 
tnn  he  the  sine  of  the  angle  of  incidence 
aud^  the  sine  of  the  angle  of  refrac- 
^^  tion.     The  qtwtient  arising  from 

dividing  the  sine  of  the  angle  of 
\iuidence  by  the  sine  of  the  angle  of  refraction  ia 
tdOsd  the  index  of  refraction  for  the  tivo  media. 
Itii  erident  that  the  greater  the  refractive  power  of  the 
■abrtanoe,  the  less  the  value  of  the  divbor  pq,  and  the 
greater  the  TtJue  of  the  quotient,  tlie  index  of  le&ac- 

(«».)  The  following  table  gflvM  the  Indices  of  refraction  when  light 
pMsea  from  a  Taonnm  into  an j  of  the  enbsbuicee  named  : 

Air 1.000S64      FlintglRSS. 1.S7S 

Water 1.338  Carbon  bisulphide 1.878 

Alcohol 1.874  Diamond 8.489 

CiowBflMV. 1.SS4  Load  chiomate. 8.974 
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The  index  of  lefraciion  for  any  two  media  may  be  found  by  diyidi 
ing  the  absolute  index  of  one,  as  given  above,  by  the  absolute  index 
of  the  other. 

679.  Laws  of  Refraction  of  Light.  — (1.) 
WTien  light  passes  perpendicularly  from  one  me- 
dium to  another  it  is  not  refracted, 

(2.)  When  light  passes  obliquely  from/  a  rarer  to 
a  denser  medium^  it  is  refracted  toward  a  line  drawn,  at 
the  point  of  incidence,  perpendicular  to  the  refracting 
surface,  or,  more  briefly,  it  is  refracted  toward  the 
perpendicular. 

(3.)  WTien  light  passes  obliquely  from  a  denser 
to  a  rarer  medium,  it  is  refracted  from  the  per- 
pendicular, 

(4.)  The  incident  and  refracted  rays  are  in  the  saino 
plane  which  is  perpendicular  to  the  refracting  surface. 

(5.)  The  index  of  refraction  is  constant  for  the  same  two 
media. 

680.  niustrations  of  Refraction.— Put  a  small  com  bito 

a  tin  cup  and  place  the 

cup  so  that  its  edge  just 

intercepts  the  view  of 

the  coin.    A  ray  of  light 

coming  from   the  coin 

toward     the     observer 

must  pass  above  his  eye 

and    thus    be    lost   to 

sight.    If,  now,  water  be 

gradually    poured   mto 

the  cup,  the  coin  will 

become    visible.      The 

rays  are  bent  down  as 

they  emerge   from  the 

water  and  some  of  them  Fig.  343. 

enter  the  eye.    For  the 

same  rpfispn,  an  oar  or  other  stick  half  immersed  m  water,  seems 

jEwnt  at  the  water's  BnrtaAe,  ^\^c^  tvnqi^  v&i^  V^n^  ^\^sma  Imttoms 
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m  TMble  are  ganenllf  deeper  tlimn  tlie^  wem  to  be.  (Flf .  9411.) 
At  til  expandfl,  ita  Index  of  refnetion  becomeB  le«8.  Heace  th« 
ludistiiictiie^  and  ftppumt  nnBteadlueea  of  obJecU  Been  through 
ilr  lidng  from  the  sarfftce  of  a  hot  atora.  Ught  is  refracted  aa  It 
oktera  the  earth's  atmoephere.  Hence  the  heaTealf  bodies  appear 
to  be  further  above  the  horiion  than  they  real);  are  except  when 
thqr  are  overhead. 

681.  Total  Reflection.— Wben  a  ray  of  light 
passes  from  a  rarer  into  a  denser  medium,  it  may  always 
f^proach  the  perpendloolar  bo  ae  to  make  the  angle  of  le- 
fcaction  less  than  the  angle  of  incidence  (§  679  [3]).  But 
when  a  ray  of  light  attranpts  to  pass  from  a  denser  into  a 
rarer  medinm  there  are  conditions 
under  which  the  angle  of  refraction 
cannot  be  greater  than  the  angle  ol 
I  incidence.  Under  such  circuirv- 
I  stances  the  ray  cannot  emerge 
from  the  denser  medium,  but 
wiU  be  wholly  reflected  at  the 
point  of  iiuAdence.  Fig.  344  represents  luminous  rays 
emitted  ttora  A,  under  water,  and  seeking  a  passage  into 
air,  Pasdng  from  the  perpendicnlar,  the  acgle  of  refrac- 
tion increases  more  rapidly  than  the  angle  of  incidence 
until  one  ray  is  fonnd  that  emerges  and  grazes  the  surface 
of  the  water.  Bays  beyond 
this  caonot  emerge  at  all 

683.  The  Critical  An- 
gle. —  Imagine  a  spherical 
(Florence)  flask  half  filled  , 
with  water.  A  ray  of  light 
from  L  will  be  refracted  at  A 
in  the  direction  of  R.  If  the 
angle  of  incidence,  CAL,  \m 
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gradually  increased  the  angle  of  refraction  will  be  gradnalljf 
inci  eased  until  it  becomes  90%  when  the  ray  will  graze  the 
surface  of  the  water  AM.  If  the  source  of  light  be  still 
further  remoyed  from  (^  as  to  ^  the  ray  will  be  reflected 
to  r  (§  656).  For  all  media  there  is  an  incident  angle  of 
this  kind,  called  the  critical  or  limiting  angle,  beyond 
which  total  internal  reflection  will  take  the  place  of  refrac- 
tion. The  reflection  is  called  total  because  all  of  the 
incident  light  is  reflected,  which  is  never  the  case  in 
ordinary  reflection.  Hence,  a  surface  at  which  total  re- 
flection takes  place  constitutes  the  most  perfect  mirror. 
possible.  The  critical  angle  (with  reference  to  air)  is 
48°  35'  for  water;  40°  49'  for  gla«s;  23°  43'  for  diamond. 

{a.)  From  tlds  it  follows,  as  may  be  seen  by  lefening  to  Big.  844, 
that  to  an  eye  placed  under  water,  all  visible  objects  above  the 
water  wonld  appear  within  an  angle  of  97°  10',  or  twice  the  critical 
angle  for  water. 

(p.)  The  phenomena  of  total  reflection  may  be  produced  by  placing 
the  bottle  shown  in  Fig.  841  upon  several  books  resting  upon  a  tables 
and  inverting  the  card  so  that  a  beam  of  light  reflected  obliquely 
upward  from  a  mirror  on  the  table  may  enter  through  the  slit  near 
the  bottom  of  the  bottle,  taking  a  direction  through  the  water  simi- 
lar to  the  line  I  A  of  Fig.  845.  When  one  looks  into  an  aquarium  in 
a  direction  similar  to  rA,  images  of  fish  or  turtles  near  tiie  surface 
of  the  water  are  often  seen. 

{e.)  Place  a  strip  of  printed  paper  in  a  test-tube;  hold  it  ob- 
liquely in  a  tumbler  of  water  and  look  downward  at  the  printing 
which  will  be  plainly  visible.  Change  the  tube  gradually  to  a 
vertical  position,  and  soon  the  part  of  the  tube  in  the  water  takes  a 
silvered  appearance  and  the  printing  becomes  invisible.  Show  that, 
in  this  case,  the  disappearance  of  the 
reading  is  due  to  total  reflection.  By 
dissolving  a  small  bit  of  potassium  di- 
chromate  in  the  water,  the  tube  will 
have  a  golden  instead  of  a  silver-like 
appearance. 

(d.)  Fig,  846  represents  a  glass  vessel 
purtij  filled  with  watei.     lAinoi^^  «x«  ^\^«V$^ 
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pkced  at  m  utd  «.    In  tUa  w^  k  ny  nwy  be  reflected  at  tn,  n  and  a 

utd  refracted  at  t, 
(«.)  Rg.  S47  representa  a  glass  jar  with  an  openiDfr,  from  wbich 
a  stream  uf  wabr  itwui-H  undi^r  a 
liead  (S  254  [(i]|  kept  coDsiant 
Throngb  a  lens  placud  ojipoeite 
tbU  orifice,  a  concentrated  beam 
of  light  from  the  heliostat  is 
thrown  into  the  stream  of  water 
as  it  isBuea.  Internal  rcHiN'tiun 
keeps  most  of  It  tht^n-,  n  i)riH')ni'r. 
The  stream  of  water  is  full  of 
light  and  appears  a  Ktream  of 
nieltfd  metal.  ThriiHt  a  finger 
into  the  stream  and  notice  the 
effect.  Place  a  piite  of  red  Klasa 
between  the  hellontat  and  the 
lens  ;  the  water  looku  like  Mood. 

Tbrast  the  flngcr  Into  tlie  stream  again.     Repeat  tho  ciperiinent 

with  pieces  of  glass  of  other  colors  in  place  of  the  red. 
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683.  Re&actioD  Explained.— To  understand  the 
way  in  which  a  t&y  of  light  is  refracted,  let  iis  consider  ita 
paesagfl  through  a  glass  prism,  ABC.  It  must  be  under- 
itood  that  the  velocity  of  light  i 
lees  in  glass  than  in  air,  and 
that  the  direction  in  which  a 
wave  moves  is  perpendicular  to  ^ 
its  wave  front.  A  wave  in  the 
ether  approaches  the  surface  of  the 
jBiam  AB.  When  at  a,  the  lower  end  of  tho  wave  front 
first  strikes  the  glass  and  enters  it.  The  progress  of  this 
end  of  the  wave  front,  being  slower  than  that  of  tho  other 
which  is  still  in  the  air,  is  continually  retarded  until  tho 
whole  front  has  entered  the  glass.  The  wave  front  tliua 
asBumcB  the  position  shown  at  c.  Bat  the  path  of  the 
wave  being  perpendicular  to  the  front  of  the  wave,  this 
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eltange  of  fto-ai  causes  a  change  in  the  diieotion  of  the  n^ 
which  is  thns  re/racled  toward  a  perpendicular.  The  van 
now  moTes  forward  in  a  straight  line  antil  the  top  of  the 
wave  front  strikes  A  C,  the  surface  of  the  prism,  as  shown 
at  m.  The  upper  eod  of  the  wave  front  emerging  first 
into  the  air  gains  apon  the  other  end  of  the  front  which  ii 
still  moving  more  slowly  in  the  glass.  When  the  lower 
end  emerges  from  the  glass,  the  wave  has  the  positioii 
shown  at  n.  This  second  change  of  front  involves  another 
change  in  the  direction  of  the  ray  which  is  now  refracted 
from  the  perpendicular.     {See  Fifat  Principles,  §  443,  «.) 

684.  Three  Kinds  of  RefipactorB.— When  a  raj 

of  light  passes  through  a  refracting  medium,  three  casei 
may  arise : 

(1.)  When  the  refractor  is  bounded  by  planes,  the  le* 
fractuig  snr&ces  being  pardlel. 

(2.)  When  the  relVactor  is  boonded  by  planes,  tiie  re- 
fracting surfaces  being  not  parallel  The  refractor  is  then 
called  a  prism. 

(3.)  When  the  refractor  is  bounded  by  two  surfaces  of 
vbich  at   least   one   is 
curved.     The  refractor 
is  then  called  a  lens. 

685.  Parall 
Plates. — When   a  ray 
passes    through    a   me- 
dium bounded  by  paral- 
lel planes  the  retractions 

at  the  two  surfaces  are  equal  and  contrary  in  direction. 
The  direction  of  thetaj  aStex^gasKo^'OtiKs^u^'^daft'^lataii 
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ftnBel  4o  Its  diieotaon  before  entering;  the  ray  merely 
laffere  lateral  a,heTT&tion.  Objecta  seen  obliquely  through 
mch  plates  appear  elightly  dispUced  tiom  their  true  position. 
686.  Prisms. — A  prism  producca  two  eimultaneoui 
sfiects  upon  light  paseiog  throngh  it ;  a  change  of  direc- 
tion and  decomposition.  The  second  of  these  effects  will 
be  considered  tinder  the  head  of  dispersion  (§  701). 

(a.)  Iiet  Ttmo  represent  b.  section  formed  b;  cutting  a  prism  by  » 
plane  i>erpendiciilar  to  ito  edge*.     A  tt,j  of  light  from  L  being  rf> 
fracted  at  a  and  b  en- 
Ura  the  eye  in  the  di-    I 
lection  be.     The  object    | 
being  seen  in  the  direc- 
tion  of   the  ra;  bb  it 
entera  the  eye  (§  «M), 
appears  to  be  at  r.    An 
object  Been  through  a 
prism    seems     to     be 
moved  in  the  direction 
of  the  edge  that  sepft- 
tatea     the     refiactiug    | 
•nrfaces.      The      iay»  flc.  350. 

QiemaelveB     are    bent 

toward  the  side  that  sepanites  the  refracting  surfacee,  or  toward 
the  thickest  part  of  the  prism. 
(k)  Prisms  are  generally  made  of  glaaa,  their  principal  sectionf 
being  equilateral  trianglcB.  In  order  to  Rive  b 
liquid  the  form  of  a  prism,  it  ie  placed  In  1, 
Tcesel  (Fig.  351)  in  which  at  least  two  side^ 
re  glass  plates  not  parallel.  Bottles  are  madi 
for  this  purpose. 

(e.)  In  Fig  353.  APG  is  the  principal  section 
of  a  right-angled  iso 
Fio.  351-  prism,  right-anglod  at  0.     A  ray  ; 

of  light  falling  periiondicularly  " 
upon  dther  of  the  catlictal  (rat/ietiia)  surface 
will  not  be  refracted.     With  AB,  it  will  make  an 
angle  of  45°  which  eiceeds   the  critical   angle   for 
^ase  (g  683).     It  will  therefore  be  totally  reflected 
and  ptm  irlthont  refraction  from  the  cathetal  surface  BC     Bud 
giimas  sre  often  used  In  (tptln  lastead  ot  TiAnon. 
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687.  Lenses. — Lenses  are  generally  made  of  crown 
glass  which  is  free  from  lead,  or  of  flint  glass  which  con* 
tains  lead  and  has  greater  refractive  power.  The  curred 
surfaces  are  generally  sphericaL  With  respect  to  thdl 
shape,  lenses  are  of  six  kinds: 
12a 


Fio.  353- 


.       1  Thic 


Thicker  at  the  middle  than 
the  edges. 


Thinner  at  the  middle  than 
at  the  edges. 


(1.)  Double-convex, 

(2.)  Plano-convex, 

(8.)  Concavo-convex,  or  menisdos, 

The  double-convex  may  be  taken  as  the  type  of  these. 

(4)  Double-concave, 
(5.)  Plano-concave, 
(6.)  Convex-concave,  or  diverging 
meniscus, 

The  double-concave  may  be  taken  as  the  type  of  these. 

(a.)  The  effect  of  convex  lenses  may  be  considered  as  produced  by 
two  prisms  with  their  bases  in  contact ;  that  of  concave  lenses,  by 
two  prisms  with  their  edges  in  contact. 

688.  Centre  of  Curvature ;  Principal  Axis ; 
Optical  Centre. — A  double-convex  lens  may  be  de- 
scribed as  the  part  common  to  two  spheres  which  intersect 
each  other.  The  centres  of  these  spheres  are  the  centres 
of  curvature  of  the  lens.)  The  straight  line  passing 
through  the  centres  of  curvature  is  the  principal  axis  of 
tlie  lens.  In  every  lens  there  is  a  point  on  the  principal 
axis  called  the  optical  centre.  When  the  lens  iB  bounded 
by  spherical  surfaces  of  equal  curvature,  as  is  generally  the 
oaae,  the  optical  centre  \a  a\>  e^^  ^W^<(!^  tem.  the  twi 
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teoeB  of  the  lens.  Any  straight  line,  other  than  the  prin- 
cipal axis^  passing  through  the  optical  centre  is  a  second* 
ary  axis,     (See  First  Principles,     Nat.  Phil.,  Fig.  216.) 

(a.)  If  a  ray  of  liglit  passing  through  the  optical  centre  be  re- 
fracted at  all,  the  two  refractions  will  be  equal  and  opposite  in  direc 
^on.    The  slight  lateral  aberration  thus  produced  may  be  disregarded 

689.  Principal  Focus. — AU  rays  parallel  to 
the  principal  axis  wUl,  after  two  refractions,  con- 
verge at  a  point  called  the  principal  focus.  This 
point  may  lie  on  either  side  of  the  lens,  according  to  the 
direction  in  which  the  light  moves ;  it  is  a  real  focus.  The 
ijreater  the  re&acting  power  of  the  substance  of  which  the 
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kms  is  made^  the  nearer  the  principal  focus  wiU  be  to  the 
lens.  In  a  double-convex  lens  of  crown  glass,  the  principal 
focal  distance  is  equal  to  the  radius  of  curvature;  in  a 
plano-convex  lens  of  the  same  material,  it  is  twice  as  great. 

(a.)  The  position  of  the  principal  focus  of  a  lens  is  easily  deter- 
mined. Hold  the  lens  facing  the  sun.  The  parallel  solar  rayt 
incident  upon  the  lens  will  converge  at  the  principal  focus.  Find 
this  point  by  moving  a  sheet  of  paper  back  and  forth  behind  the 
lens  until  the  bright  spot  formed  upon  the  paper  is  brightest  and 
smallest.    (See  Mrsi  Principles.    Nat.  Phil.,  Exp.  228.) 

(b.)  It  is  also  true  that  rays  diverging  from  a  point  at  twice  the 
principal  focal  distance  from  the  lens  will  converge  at  a  point  just 
as  far  distant  on  the  other  side  of  the  lens.  Rays  diverging  from 
/  will  oonverge  at  /',  these  two  points  being  at  twice  the  focal  dis- 
tance from  the  lens.  By  experimenting  with  a  lens  and  candle* 
flame  until  the  flame  and  its  image  are  at  equal  distances  from  the 
lens,  we  are  able,  in  a  second  way,  to  determine  the  principal  focal 
distance  of  the  lens.  The  conjugate  foci  situated  at  twice  the  prin 
Apa}  focal  distance  are  called  secondary  feci. 
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690.   Conjugate   Foe!.— Eaye  diverging  : 
luminous  point  iu  the  principal  axis  at  a  small  diati 
beyond  the  principal  focus  on  either  eide  of  the  lenal. 
form  a.  focus  on  tlic  pi-inci|>al  axis  beyond  the  other  pffeS 
cipal  fociis.     Thus,  rays  from  L  will  converge  at  I;  con-l 
Tersely,  rays  from  /  will  converge  at  L  (§  667).     If  thtf 
luminous  point  bo  in  a  secondary  axis,  the  rays  w 
verge    to    a    point  in   the   same   secondary  axis. 


Fig.  35S. 
points  thus  related  to  each  other  are  eaUed  con- 
jugate  foci ;  the  line  Joining  them  always  passes 
through  the  optieaZ  centre. 

(a.)  If  the  lumlnoaB  point  be  more  than  twice  Hbe  focal  dietonoe 
from  the  lens,  the  conjugate  focus  wi1i  lie  on  the  other  aide  of  the 
lena  at  a  distance  greater  than  the  focal  distance,  bat  lees  than  twice 
the  focal  distance.  If  the  luminous  point  be  moved  toward  the 
lens,  the  focus  will  recede  from  the  lena.  When  the  luminous 
point  la  at  one  secondary  focus,  the  ra.7s  will  converge  at  the  other 
secondary  focus.  When  the  Inminous  point  Is  between  the  second- 
ary and  principal  foci,  the  rays  will  converge  beyond  the  secondary 
focus  on  the  other  side  of  the  lena.  When  the  lomlnoua  point  la  at 
the  focal  distance,  the  etnerge.it  rays  will  be  parallel  and  no  focus 
will  be  formed.  When  the  luminous  point  la  at  lees  than  the  focal 
distance,  the  emergf^nt  mjK  wU\  «tiU  ^veTge  aa  if  from  a  point  on 
the  sajse  aide  of  the  \enB,  iuqib  Ai^siA  'Cdau  I^b  '\;<mActf^  \<wna. 
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TUi  toons  will  be  virtaal.  Conversely,  converging  rays  falling 
qon  K  eonves  leua  will  form  a  focos  nearer  the  lens  than  tha 
pctndpal  fMiia.    (Bee  Ilg.  856.) 

091.  Conjugate  Foci  of  Concave  Lens.— 
Bftys  from  s  iTiininoiiB  point  at  any  distance  whatever  will 
be  made  more  divergent  by  passing  through  a  concave  lena 


Fig.  357. 
Bays  parallel  to  the  principal  axis  will  diverge  after  re&ao- 
tiou  as  if  they  proceeded  Irom   the  principal  focus.    In 
any  case,  the  focus  will  be  virtual,  and  nearer  the  lens  than 
the  InminouB  point. 

693.  Im^es  Formed  by  Convex  Lenses.— 

The  analogies  between  the  convex  lens  and  the  concave 
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mlnDr  cannot  hare  escaped  the  notloe  of  the  ti 
pnpiL    Others  will  appear.    If  seoondaiy  axes  be  i 
parallel  to  the  principal  axis,  well-defined  fixn  i 
formed  upon  them,  aa  well  as  upon  the  principal  a 
nnmber  of  these  foci  ma;  determine  the  podticaitf^^^ 
(image  formed  by  a  lens. 

(a.)  The  linear  dimen^tu  of  objeet  uid  Image  H8  d 
thair  respectlTe  disUncee  from  the  centre  of  tlkelena;  the^wfllPi 
Tirtoal  or  real,  erect  or  inverted,  According  •■  the;  *ie  cm  tba  ^m» 
dde  of  the  lens  or  on  opposite  sides. 

093.   CoDStmction  for  Real  Images. — To  detennltie 

the  pontion  of  the  image  of  the  object  AB  (Fig.  8S8),  draw  from 
viT  point,  aa  ^,  a  line  parallel  to  the  principal  ixIh.     After  reftae 
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tion,  the  roj  represented  by  ttis  line  will  pass  through  F,  the  prm 
clpal  focoB.  Draw  the  secondary  asia  for  the  p<dDt  A.  The  Intel' 
section  of  these  two  lines  st  a  determines  the  poidtion  of  the  cm- 
]ngate  focus  of  A.  In  similar  manner,  the  coDjngate  tocDB  of  £  la 
found  to  be  at  A.  Joining  these  points,  ihe  line  ab  ia  the  Image  of 
the  line  AB. 

694.  Diminished  Real  Ima^re.— If  the  object 
be-  more  than  twice  the  focal  distance  from  the  oonwx 
lens,  its  image  will  be  real,  smaller  than  the  otgect  and 
inverted  (Fig.  359).  Constract  the  ima«e  as  indiosted  in 
&e  last  paragn^h. 
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60S,   Magnlfled  Real  Image.— If  the  object  be 
•tliet  from  ttie  lot  thm  the  priacipal  focns,  but  at  u 


Fig.  360. 
stance  less  than  twioe  the  focal  distance,  the  image  wiU 
I  leal,  magnified  and  Inverted,    (Fig.  360.)    Gonfitraoi 
je  image. 


696.  Virtual  Image.— K  tbe  object  be  plaorf 
aearertbe  lens  tban  the  priDcipal  focaa,  the  image  will  b« 
rirtmti,  magnified  and  erect  {Fig.  361.)  This  explain 
the  faniiliur  magnifyiug  effects  of  convex  lenses.  Con- 
struct the  imoga 

697.  Im^e  of  Concave  Lene.— Iioagee  formed 
)jr  a  concave  lena  arc  virtual,  smaller  than  tbe  object  and 
enot    The  couBtraction  of  the  image  is  sbowo  in  Fit 
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Jfoce.— The  povrer  of  tlie  convex  lens  to  fnrm  re«k)  and  dlmlnhihei 

Image*  of  distant  objects  and  magnified  Images  of  near  objects,  il 
tt  fr^uent  application  in  sucb  optical  instnunenta  as  the  miciO' 
Kope,  telescope,  magic  lantern,  liglithonse  l&mpe,  etc  Owing  ta 
the  identity  between  heat  and  InminooB  laTS,  a  convex  lens  ia  alH 

t "  burning-glass." 

698.  Spherical  Aberration. — The  rays  tliat  paa 
throngh  a  spherical  lens  near  its  edge  are  more  refracted 
than  those  that  pass  nearer  the  centre.  They,  therefore, 
jonverge  nearer  the  lena  A  spherical  lens  cannot  refracl 
dl  of  tbe  incident  rays  to  the  same  point.  Henca 
"spherical  aberration  "  and  its  annoying  ooDseqaenoes  ia 
the  coQstrnction  and  use  of  optical  apparatus 
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t(a.)  What  Is  leflraction  of  light  t  (&.)  State  the  laws  goreniliig 
016  muDe,  and  {e,)  giye  an  illustzative  diagram. 

2.  (a.)  Name  and  illustrate  by  diagram  the  different  classes  of 
lenses.    (&.)  Explain,  with  diagram,  the  action  of  the  burning-glass. 

3.  {a.)  Explain  the  cause  of  total  reflection.  (6.)  Show,  with 
diagram,  how  the  seoondaryaxes  of  a  lens  mark  the  limits  of  the 
imag«. 

4.  (a.)  Uidng  a  ocmTez  lens,  what  must  be  the  position  of  an 
flbject  in  Older  that  its  image  shall  he  real,  magnified,  and  inverted  1 
(6.)  Sami^  uidng  a  oonoaye  lens  ? 

5.  (a.)  Show  how  a  ray  of  light  may  be  bent  at  a  right  angle  by 
a  glass  prism,  (d.)  The  focal  distance  of  a  convex  lens  being  6 
inches,  deteimine  the  position  of  the  conjugate  focus  of  a  point 
12  inches  from  the  lens.    («.)  18  inches  from  the  lens. 

6.  (&)  ^16  Ibcsl  distance  of  a  convex  lens  is  80  cm.  Find  the 
fonjngato  focus  tar  a  point  15  em,  from  the  lens.  (&.)  How  may  the 
fooal  length  of  a  lens  be  determined  experimentaDy  ? 

7.  If  an  ol^Jeet  be  placed  at  twice  the  focal  distance  of  a  convex 
lens,  how  will  the  leogth  of  the  image  compare  with  the  length  of 
theofcifsott 

.  8.  A  small  object  is  12  inches  fromalens ;  the  image  is  24  inches 
from  the  lens  ai^  on  the  opposite  side.  Determine  (by  construction) 
ihe  focal  distance  of  the  lens. 

9.  A  candle  flame  is  6  feet  from  a  wall ;  a  lens  is  between  the 
flame  and  the  wall,  5  feet  from  the  latter.  A  distinct  image  of  the 
flame  is  formed  upon  the  wall,  {a.)  In  what  other  position  may 
the  lens  be  placed,  that  a  distinct  image  may  be  formed  upon  tlis 
wan  t    (&.)  How  will  the  lengths  of  the  images  compare  ? 

Recapitiilation. — In  this  section  we  have  considered 
the  Deflnition,  Index,  La^vs  and  Explanation 
of  refraction ;  Internal  Reflection ;  Plates, 
Prisms  and  Lenses ;  principal  and  conjugate  Foci 
of  lenses;  Construction  for  conjugate  foci  and 
tauHges;  Spherical  Aberratiozi* 
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X^SeCTION    IV. 

CHROMATICS.— SPECTRA. 

099>  Other  Resnlts  of  Befraction. — In  our  pnrtmi 
lun^dention  of  InmltioiiB  rays  we  have  studied  the  effect  of  r^ec 
don  and  retraction  upon  the  direetiim  ot  nja ;  Is  fact,  \re  have 
dualt  with  only  those  properties  which  ai«  oommon  to  all  IninliuHU 
rsfB.  Bat  the  properties  of  light  and  the  pheikomeua  of  refracUon 
are  not  BO  fdmple  as  we  might  thus  be  led  to  suppoet^  Uoit 
laminoiu  objects  emit  light  of  ftirend  kinda  blended  together,  Wa 
must  not  be  satisfied  with  onr  knowledge  of  light  until  we  are  able 
to  sift  these  varieties  one  from  the  other,  and  to  de^  with  an;  od'. 
klndbyttaU. 


700.  Solar  Spectrum. — Admit  a  Bunbeam  throngh 

B  very  email  opening  in  the  shutter  of  a  darkened  room. 
The  opening  may  be  prepared  by  cutting  a  dit  an  inch 
(25  nm.)  long  and  Vj  of  an  inch  (1  mm.)  wide  in  a  card. 
See  (hat  ^he  edges  of  the  slit  are  emooth.  Tack  the 
carat  over  an  opening  in  the  shutter.  If  we  look  at  the 
aperture  irom  E  we  shall  see  the  sun  beyond.  The  path 
of  the  beam  from  3  '»  S  b   nade  visible  by  the  floating 
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If  a  fUM  ¥e  pboed  im  4e  psBi  if  the  1miii,« 

■hiwm  in  Kg.  B68,  liie  adcE  of  &e  slit  and  edi^PiS  of  tke 
pEiBm  lieiiiig  faamanttkl,  the  heum  wiD  be  refnict«d  upward 
If  tibe  xeEEBBlBd  Heuii  be  tmught  jrpan  m  scstmii,  it  wOl 
appeir  ae  a  land  cf  ditfereptlT  oolured  li^t»  pttaoDg  li; 
'  impmKjplitfe  giadfl&nB  iraa  red  at  the  jfffrtfwn^  thit^ii^ 
jeDoiTy  green,  bbie  and  indigo  to  violet  at  the 
flf  Ob  tendaEdly  ebkmd  hand.    Iku  Mtat&i 


(a.1  IfceHiBiairtiahinda: 

iHag'flielBHitaiidTHiiks  the  moBt.    Tlie  initiak  of 
f Goa  UiB  TOfnrngrleaB  ward  txbgtok,  wbk^  mj  aid  the 
la  HUM  lain  111  life,'  tbeae  inrwnitTir  oGScas  in  tkeir  piio|ier 
Wif  iilarang  ihe  aBt  la  a  TfstaoJ  pmBtacm,  mud  fltTniflniir  ihe 
m  Ha  «Bd  ao  that  its  «dg<e8  wiH  be  panlletl  wxtli  tbe  ades  of 
Ike  iC^iae  Beatmm  win  be  inroiecstod  as  a  bariaoiDtal  baad. 


701.  mflpenmii.— By  looking  at  I^  368,  it  win 
ke  aeea  that  tbe  red  lajs  hare  been  refracted  tbe  least  aod 
tbe  fialet  tiie  most  of  all  tbe  hnninons  rays.  Ihis  ^pft^ 
ratitm  wf  Ae  differem£ly  eclarei  rays  by  the  prism 
is  e&Ued  the  dispersion  of  light;  it  depends  upon  tbe 
fact  I3iat  laya  of  diSerent  oqIqeb  are  refeacted  in  dif^ient 


702.  Pure  Speetnmu — ^The  qiectram  aboTe  de- 
arribed  is  oooipQaed  of  orerlappiiig  and  differentk-oolored 
images  of  the  dit^  In  a  pore  Fpectmm  these  ima^r^^  must 
not  oferiapu  Hie  first  requisite  in  prerenting  this  OTer> 
tapping  IB  that  tbe  slit  be  rprr  narrow. 


(a.)  ne  aaoat  ninple  war  of  producing  a  piu>e  spectrum  Is  ta  Wok 
Juoogh  a  priam  at  a  Terr  narrow  slit  in  the  shutter  of  a  dtiteaed    ^ 
fOOOL    The  edges  of  the  prism  should  he  mmllel  to  the  aBt ;  th 
piten  aboold  be  at  least  fire  feet  il\  m)  from  the  «Ut ;  tha  pH     ^^ 
Amldlntaiaef\aalaltheooloi«diiDa^<af  tba  aUl  la  at  the  ^    g^"^ 
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ECTION    IV, 


CHROMATICS— SPECTRA. 

69Qt  Other  Resnlta  of  Reflractlon. — la  oar  prertuM 
lun^dention  of  Inmlnoiie  rayg  we  bKve  studied  the  effect  of  leflec 
tioQ  and  refraction  upon  the  direelion  of  njn ;  In  fact,  we  have 
diAlt  with  onlj  those  properties  which  are  ooromon  to  all  lumlnoiu 
rays.  Bat  the  pioperties  of  light  and  the  phenomena  of  ref  racUon 
are  not  bo  simple  as  we  might  thus  be  led  to  suppose.  Host 
lumlnooa  objects  emit  light  of  sxTeral  kiods  blanded  together.  We 
must  not  be  satisfied  with  our  knowledge  of  bght  until  we  are  abl« 
to  sift  these  Tarietiea  one  from  the  other,  and  to  de^l  with  any  oo^ 
kindbrMBclt 


TOO.  Solar  Spectrum. — Admit  &  Bnnbeam  throngh 
a  very  small  opening  in  the  shatter  of  a  darkeDed  room. 
The  opening  may  be  prepared  by  cutting  a  dit  an  inch 
(35  nm.)  long  and  -^  of  an  inch  (1  mm.)  wide  in  a  card. 
See  ihflt  the  edges  of  the  slit  are  smooth.  Tack  the 
card  over  an  opening  in  the  shutter.  If  we  look  at  ttie 
aperture  from  B  we  shall  see  the  sun  beyond.  The  path 
of  tlie  beam  from  S  *»  "E    s   aa6»  ^SKiiVa  Vj  ttsa  floating 
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StiBU  If  a  prism  be  placed  in  the  path  of  the  beam,  ai 
shown  in  Fig.  363^  the  sides  of  the  slit  and  edges  of  the 
prism  being  horizontal,  the  beam  will  be  refracted  upward 
If  the  refracted  beam  be  caught  upon  a  screen,  it  will 
appear  as  a  band  of  differently  colored  light,  passing  by 
imperceptible  gradations  frofii  red  at  the  bottom,  through 
orange,  yellow,  green,  blue  and  indigo  to  yiolet  at  the 
upper  end  of  the  beaatifnlly  colored  band.  This  colored 
land  is  caUed  the  sdar  spectrum. 

(ol)  The  difSerent  oolois  do  not  occupy  equal  space  in  the  spectmm, 
fmnge  liaying  the  least  and  violet  the  most.  The  initials  of  these 
colors  form  the  meaningless  word  yiboyor,  which  maj  aid  the 
memoiy  in  zememl»ering  these  prismatic  colors  in  their  proper 
order.  '  3j  placing  the  slit  in  a  vertical  position,  and  standing  the 
prism  oil  its  end  so  that  its  edges  will  be  parallel  with  the  sides  of 
the  flBt,  the  spectrum  wiU  be  projected  as  a  horizoDtal  band. 

701.  Di8]^rsion.— By  looking  at  Fig.  363,  it  will 
be  seen  that  the  red  rays  have  been  refracted  the  least  and 
the  Tiolet  the  most  of  all  the  luminous  rays.  ITiis  sepa- 
ration of  ihe  differently  colored  rays  by  the  prism 
is  catted  the  dispersion  of  light;  it  depends  upon  the 
fact  Hh&t  rays  of  different  colors  are  refracted  in  different 
degrees. 

70a.  Pure  Spectrum.— The  spectrum  above  de- 
K^ribed  is  composed  of  overlapping  and  differently-colored 
images  of  the  slit  In  a  pure  spectrum  these  images  must 
aot  overlap.  The  first  requisite  in  preventing  this  over- 
lapping is  that  the  slit  be  very  narrow. 

(a.)  The  most  simple  way  of  producing  a  pare  spectrum  is  to  look 

.  hroogh  a  prism  at  a  very  narrow  slit  in  the  shutter  of  a  darkened 

room.    The  edges  of  the  prism  should  be  parallel  to  the  slit ;   the 

prism  should  be  at  least  five  feet  ^1^  m.)  from  the  alit ;  the  pnsis 

iH^mld  ho  tnmefi  unlaJ  the  colored  imafo^e  of  tbo  slit  i»  at  the  least 
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mgiilar  distance  from  the  tslit  ItselfL  A  pure  q^ectnmi  is  aIsi 
obtained  by  passing  the  beam  through  sereral  prisms  in  saooeBBiol^ 
thus  increasing  the  dispersion. 

703.  Fraunhofer's  Lines.— A  pare  solar  spectmm 
te  not  continnons^  but  is  crossed  by  nnmeroos  dark  linear 
many  hundreds  of  which  have  been  oonnted  and  acca* 
rately  mapped.  The  more  conspicnons  of  the(?e  dark  lines 
are  distinguished  by  letters  of  the  alphabeti  as  shown  in 
Fig.  364,  Each  of  these  dark  lines  indicates  that  a  par- 
ticular kind  of  ray  is  wanting  in  solar  light 


(a)  The  spectra  of  incandescent  solids  are  oontinuons,  from  the 
extreme  red  to  a  limit  depending  npon  the  timperature.  The 
spectra  of  incandescent  gases  (not  containing  solid  particles  in 
suspension)  are  non-continuous,  consisting  of  a  number  of  definite 
bright  lines.  A  candle  or  gas  flame  gives  a  continaous  spectrum 
because  it  is  chieflj  due  to  the  incandescence  of  solid  carbon 
particles. 

(&)  The  spectroscope  is  an  instrument  for  prodndng  and  observing 
pure  spectra.  It  has  proved  to  be  one  of  the  most  powerful  aids 
to  modem  science.  It  affords  the  most  delicate  means  of  chemical 
analysis ;  by  its  aid  several  elements  have  been  discovered ;  the 
presence  of  ggoiopg  of  a  gndn  of  sodium  has  been  detected  by 
*' spectrum  analyris."  It  is  of  incalculable  importance  to  the 
astronomer.  For  definite  information,  the  pupil  is  necessarily 
referred  to  some  of  the  excellent  manuals  upon  the  subject  recently 
published* 

Experiment  I.— Let  the  rays  that  have  been  dispersed  by  a 
prism  fall  upon  a  convex  lens  as  shown  in  Fig.  865.  They  wUl  5d 
Ttfraeted  to  a  focus  and  recombined  to  form  white  light,  A  concave 
mirror  may  be  used  to  reflect  the  rays  to  a  focus  instead  of  using 
the  lens  as  above  described. 


34 
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Experlmant  2. — Hftke  a  "Newton's  disc"  of  c»rdboard  peinted 
with  the  prismatic  colora  In  proper  proportion  aa  Indicated  hj  Fig. 
866.  It  is  better  to  divide  tlie  surface  given  to  each  color  into 
smaller  sectors  uraiiged  altenuttel]'  aa  shown  in  Fig;.  367.    Tou 
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Fig.  367. 


taaj  pute  sectors  of  properly  colored  paper  upon  the  cardboard 
Instead  of  painting  them.  Cause  this  disc  to  revolve  rapidly  by 
meana  of  the  whirling'  table  or  by  fastening  it  to  a  large  top.  Notice 
tAat  the  colon  are  blended  and  that  the  disa  appear/  grayUh  white. 

Experiment  3. — Hold  a  second  prism  near  one  that  is  used  to 
produce  a  solar  spectrum,  the  position  of  the  second  being  inverted 
with  rafereoce  to  the  Srst.  If  tlie  dispersing  prism  be  held  as  shown 
In  fig.  866.  the  second  should  be  held  with  tbe  refracting  edge 
nppennoBt.  the  facing  surfaces  being  parallel.  The  dispersed  ra^s 
emeiV^S  ^'■^i''^  '^^  ^^^  prism  vrill  pass  through  the  second.  The 
ray*  i^afated  by  the  first  leitl  be  again  blended  by  the  teetmd  and 
appear  at  vMte  light. 

Experiment  4.— Hold  a  hand  mirror  near  the  disperring  prism 
to  MM  to  raHsct  tlie  refracted  nys  to  a  distuil  ^nil\  en  wUtn^.   Olve 
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to  the  mirror  a  rapid,  imgular  motion  so  that  the  spectrum  is  mad« 
to  move  to  and  fro  very  quii^ty  in  the  direction  of  its  length. 
The  spectrum  tinges  to  a  hand  of  white  light  with  a  colored  spot  at 
each  end.  The  effect  is  due  to  what  is  known  as  the  '*  Persistence 
of  Vision,*'  familiarly  illustrated  hy  the  experiment  of  prodacing 
a  ring  of  light  hy  whirling  a  fi^ehrand  around  a  circle. 

704.  The  Composition  of  White  Light.— We 

liave  now  shown,  by  both  the  processes  of  analysis  and 
synthesis,  that  white  light  is  composed  of  the  seven 
prismatic  colors.  We  have  decomposed  white  light 
into  its  seven  constituents  and  recombined  these  constit- 
uents into  white  light. 

Experiment  5. — Paint  three  narrow  strips  of  cardboard,  one 
vermilion  red,  one  emerald  green  and  the  other  aniline  violet. 
Be  sure  that  the  coats  are  thick  enough  thoroughly  to  hide  the 
cardboard.  When  dry,  hold  the  red  strip  in  the  red  of  the  solar 
spectrum  ;  it  appears  red.  Move  it  slowly  through  the  orange  and 
yellow  ;  it  grows  gradually  darker.  In  the  green  and  colors  beyond^ 
it  appea/rs  Nack.  Repeat  the  experiment  with  the  other  two  stripe 
and  carefully  notice  the  effects. 

Experiment  6. — Make  a  loosely  wound  hall  of  candle  wick; 
soak  it  in  a  strong  solution  of  common  salt  in  water ;  squeeze  most 
of  the  brine  out  of  the  ball ;  place  the  ball  in  a  plate  and  pour  al- 
cohol over  it.  Take  it  into  a  dark  room  and  ignite  it.  Examine 
objects  of  different  colors,  as  strips  of  ribbon  or  cloth,  by  this  yellow 
light.     Only  yellow  objects  wiU  have  their  usual  appearance. 

Experiment  7. — In  a  clear  tumbler  or  large  beaker  glass  of 
water,  dissolve  a  little  soap  (white  castile  is  desirable)  or  stir  a  few 
drops  of  an  alcoholic  solution  of  mastic.  Hold  the  vessel  in  the 
hand  and  examine  the  liquid  by  transmitted  sunlight.  Notice  that 
it  appears  yellomshred.  In  a  small  test  tube,  either  liquid  will 
appear  colorless.  Pkce  a  black  screen  behind  the  vessel  and 
examine  the  liquid  by  reflected  sunlight.  Notice  that  U  appears 
blue. 

705.  Color  of  Bodies.— The  color  of  a  body  is  its 
-iverty  of  reflecting  or  tTaxkam\\.\Ivci^  Vi  ^^  «^^\\js^  ^ 
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that  particular  color,  the  other  rays  being  absorlKxl.    This 
power  may  be  described  as  selective  absorption. 

(a.)  Properly  speakiDg,  color  is  not  a  proiierty  of  niatU^r,  but  of 
light.  A  ribbon  is  called  red,  but  the  rednesH  lieloDpps  to  the  light, 
not  to  the  ribbon.  There  would  be  more  propriety  iu  saying  that 
the  ribbon  has  aU  the  cthsr  colon  of  the  rainbow,  because  it  absorbs 
the  others  and  reflects  the  red.  If  the  red  ribbon  be  placed  in  the 
green  or  blue  of  the  spectrum  it  will  appear  black  because  it 
receives  no  red  rays  to  reflect.  Colored  substances  decompose  the 
incident  light,  absorbing  some  rays  and  assuming  the  hue  of  those 
they  reflect  or  transmit  to  the  eye.  A  body  that  absorbs  very  few 
of  the  rays  is  white ;  one  that  absorbs  nearly  all  is  black.  There- 
fore, bladL  is  not  a  cfAor  but  its  absence. 

(&.)  If  the  rays  that  form  the  spectrum  1)e  divided  into  any  two 
parts  and  the  rays  in  each  paxt  be  mixed,  it  is  evident  that  each 
resultant  color  will  contain  what  the  other  needs  to  make  white 
light.  Such  are  called  complementary  colors ;  either  is  said  to  be 
complementary  to  the  other.  The  mixture  of  colors  is  a  very 
different  thing  from  the  mixture  of  pigments. 

(c.)  Some  bodies  transmit  one  kind  of  rays  and  reflect  another 
Thus,  gold  leaf  reflects  yellow  rays  and  transmits  green  rays.  The 
beautiful  blue  of  the  summer  sky,  the  terrible  black  of  the  storm 
cloud  and  the  matchless  sunset  hues  are  effects  due  to  the  reflec- 
tion, absorption  and  transmission  of  sunlight  by  particles  suspended 
in  the  atmosphere.  An  observer  placed  at  a  very  high  elevation, 
above  most  of  the  reflecting  particles  and  looking  into  outer  space, 
sees  no  blue  canopy  but  only  an  inky  darkness,  illumined  here  and 
there  by  some  gleaming  planet  or  twinkling  star. 

706,  The  Rainbow. — The  rainbow  is  due  to  re- 
fraction, reflection  and  dispersion  of  sunlight  by  water- 
drops.    The  necessary  conditions  are : 

(1.)  A  shower  during  sunshine. 

(2.)  That  the  observer  shall  stand  with  his  back  to  the 
sun,  between  the  falling  drops  and  the  sun. 

(a.)  The  centre  of  the  circle  of  which  the  rainbow  forms  a  part 
is  in  the  prolongation  of  a  line  drawn  from  the  sun  through  the 
efe  ot  the  observer.     This  line  is  caUed  the  axis  of  the  bow. 
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707.  Dispersion  by  a  Raindrop.— Sappoae  thi 

lirole  whose  centre  ia  at  (7  (Pig.  368)  to  repreeent  the  section 


Fig.  368. 


of  a  ramdrop.  A  ray  of  sunlight,  ae  Sm,  falling  apon  the 
raindrop  would  be  refracted  at  m,  reflected  at  n,  and  agtun 
refracted  at  m'.  In  paasing  thus  through  the  drop,  the 
light  is  also  decomposed.  If  m'E  represent  the  path  of 
a  red  ray,  the  violet  ray  will  traverse  a  path  above,  because 
violet  is  refracted  more  than  red.  The  path  of  this  violet 
ray  may  be  represented  by  m'B,  If  the  raindrop  be  in  the 
exact  position  for  the  red  ray,  m'E,  to  enter  the  eye  of  the 
observer,  the  violet  and  other  colored  rays  will  pass  over- 
head and  not  be  seen.    This  drop  will  appear  red. 

708.   Siieceasive  Colors  of  the  Bainbovr. — In  order 

that  B.  violet  mj  ma  j  enter  the  eve  at  S,  it  moBt  procaed  from  a  drop 
Bitnnted  below  tlie  one  that  eenda  the  red  tt,j.  Thii  drop  will  appear 
violet.  Intervening  drops  will  give  the  Intervening  colors  of  the 
lailar  Bpectrum  In  their  prnper  order  aa  is  shown  in  Fig.  869.  Owing 
to  the  distance  of  the  bud,  alt  of  the  inwdent  rajs  are  puallel  with 
the  asis,  ElO,  drawn  from  the  sun  through  Jl,  the  eye  of  the  ob- 
Berver,  to  0,  the  centre  of  the  rircle  of  which  the  bow  forme  a  part. 
The  aagla  between  the  Vad&eux  b(i&  "i-Xtft  «ioj»«(»>\  n.^.e&BKwA 
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mfuwqnmtly  the  ugle,  SBO,  ia,  fbr  the  red  ny,  abcnit  4S°.    Tlie 
uglea  8'  VBaad  YSO  ue,  for  the  violet  ny,  tboat  40°.    The  other 


colon  Ijtng  between  these,  it  will  be  seen  tbst  the  angular  width  ol 
the  rainbow  is  about  two  degrees. 

709.  Form  and  Extent  of  the  Rainbow.— 

From  Fig.  370,  it  will  be  seen  that  every  drop  in  the  arc  o( 
a  circumference  drawn,  with  0  as 
a  centre  aa.A.  with  OV  a&  radius, 
being  opposite  the  Bun  and  hav- 
ing the  same  angular  distance 
from  OE,  viz.,  40°,  will  send 
violet  colored  rays  to  the  eye  at  E, 
and  the  yiolet  colored  part  of 
the  bow  will  be  a' circular  arch.  ^'°-  37o- 

For  the  same  reason,  the  red  of  the  bow  ia  a  circular  arch 
lying  without  the  violet  and  at  an  angular  distance  of  two 
Aegreea   therefrom ;    the  other  colors  will  form  circular 
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arches  lying  between  these  two.  If  the  son  be  at  the 
horizon,  EO  will  be  horizontal  and  the  arches  will  be 
scnncircleg.  If  the  bqd  be  above  the  horizon,  0  will  be  de- 
pressed below  the  horizon  and  leas  than  semicircles  will  be 
seen.  If  the  observer  be  on  a  mountain-top  or  up  in  it 
^balloon,  he  may  see  more  than  a  semicircle. 

710.  The  Secondary  Bo'w, — Sometimes  two  col 

ored  arches  are  seen,  one  within  the  other.  The  inner 
which  we  have  just  considered  is  called  the  primary  bov; 
the  outer,  the  secondary  bow. 

(a.)  Id  eipltdolntt  tbe  prinuuj  bow,  we  tnoed  a  nj  of  light  M- 
ing  upon  ths  top  of  the  ralndtop ;  to  ezpUln  the  aeaniduj  bow,  ve 
trace  a  raj  falling  upoD  Hm  lower  part  Soeh  a  nj,  as  &n,  will  be 
refracted  &t  m,  reflected  at  n  and  n',  and  ag^u  refracted  at  n', 
coming  to  the  eye  at  B.  If  the  ra;  which  thus  comes  to  the  eje  U 
£  be  a  red  taf,  the  violet  will  follow  m'  Y,  and  thus,  paraiDg  bebn 
the  e;e  hecaoBe  of  ita  greater  refraDgibtlity,  be  lost  to  siglit.  Tbe 
drop  that  sends  a  violet  raj  to  the  eje  at  £  must  be  placed  tliiw 
inttfad  of  bdma  tlie  drop  that  sends  the  red  raj.     (Fig,  S71.) 


(&.)  In  the  secondary  bow,  tbe  red  arch  will  be  on   tbe  inride,  with 
■n  angular  distance  from  the  ails.  ,£D,  of  aboat  Sl°,    while  the  vloli* 
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will  be  on  the  ontside  at  an  angular  distance  of  about  54°.  In  the 
cue  of  either  bow,  some  light  is  lost  at  each  reflection  ;  therefore, 
nnoe  there  are  more  reflections  in  the  secondary  bow,  this  will 
appear  fainter. 

711.  Chromatic  Aberration. — It  is  impossible, 
by  means  of  a  single  spherical  convex  lens,  to  bring  all  of 
the  incident  rays  to  a  common  focus.  The  blue  and  violet 
rays  being  refracted  more  than 

the   red  rays  will   converge    at 

points  nearer  the  lens.    In  con-    > 

sequence  of  this,  when  an  image    

is  projected  upon  a  screen,  the  „  ,^ 

image  is  surrounded  with  a  col- 
ored border,  the  color  depending  upon  the  distance  of  the 
screen  from  the  lens.  This  inability  of  a  single  lens 
to  bring  differently  colored  rays  to  the  same  focus 
is  called  chromatic  aberration, 

71S.  Acliroinatic  Lens. — A  convex  lens  of  crown 
glass,  by  combination  with  a  concave  lens  of  flint  glass,  may 
have  its  dispersive  power  neutralized  without  completely 
neutralizing  its  refraction.  As  the  converging  effect  of  the 
compound  lens  is  not  destroyed,  images  may  be  formed ; 
as  the  dispersive  effect  is  destroyed,  the  colored  fringe  is 
avoided.  A  cornbination  of  lenses  by  ivhich  disper- 
non  is  avoided  and  refroyction  secured  is  called  an 
achromatic  lens. 

Experiment  8. — In  any  convenient  clamp,  firmly  press  together 
two  pieces  of  clean,  thick,  plate  glass.  A  beautiful  play  of  colors 
will  be  seen  in  the  glass. 

713.  Interference  of  Light.— If  a  plano-convex 
lens  of  very  small  curvature  be  pressed  down  upon  a  flat 
plate  of  g\Baa  and  looked  at  from  above,  colored  rings 
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(known  as  Newton's  rings)  may  be  seen  around  the  cent 
of  the  lens.  If  the  light  be  homogeneous  {i.  e.,  compoi 
of  one  kind  of  rays,  as  red)  instead  of  white,  the  rings 
be  separated  by  dark  spaces.  The  dark  rings  are  due 
the  interference  of  the  ether  waves  reflected  from  the 
lower  surface  of  the  lens  and  from  the  upper  surface  of  the 
plate  respectively.  Whenever  the  distance  between  the 
two  reflecting  surfaces  is  such  that  the  two  sets  of  waves 
unite  in  opposite  phases,  a  dark  ring  will  appear.  Two 
luminous  waves,  as  well  as  two  sound  waves  (§  515),  may 
unite  so  as  to  destroy  each  other.  When  white  light  is 
used,  the  color  in  any  given  ring  is  complementary  to  the 
color  that  is  destroyed  by  interference.  Similar  colors  are 
often  seen  in  soap  bubbles,  in  small  quantities  of  oil  that 
have  been  spread  over  large  sheets  of  water,  in  mica,  seli- 
nite  and  other  crystals  that  easily  cleave  into  thin  plates, 
etc.,  and  are  due  to  the  interference  of  light  reflected  from 
two  surfaces  very  near  each  other. 

Experiment  9. — Ck>yer  one  side  of  a  pane  of  glass  with  india  ink, 
being  sure  that  it  is  made  opaque.  Scratch  20  jmrallel  lines  about 
2  mm.  apart,  upon  the  glass,  so  that  the  light  may  pass  through. 
Standing  about  6  or  7  meters  from  a  lamp,  with  one  eye  shut  and 
the  other  shaded  from  the  sunlight,  look  through  the  lines  ruled  on 
the  glass  at  the  flame.  Slowly  moving  the  glass  toward  and  from 
the  eye,  such  a  position  may  be  found  for  it  that  many  spectra  of 
the  flame  may  be  seen  separated  by  dark  sfNices. 

Experiment  10. — Throw  a  sunbeam  through  a  very  small  open- 
ing in  the  shutter  of  a  darkened  room.     Receive  the  beam  upon  a 


Fig.  373. 

convex  lens  of  short  focal  length,  placing  a  piece  of  red  ^lass  be- 
tween  the  aperture  and  fhe  \eiift.   ^\AOb  «ai  o'^iMV!3>i^^wsi»cscL^«^^% 
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flhaip  edge  beyond  the  focal  distance  of  the  lens,  as  at  «,  bo  as  to 
cat  off  the  lower  part  of  the  luminous  cone  and  project  the  upper 
part  thereof  upon  a  screen  at  h,  A  faint  Ught  is  seen  on  the  screen 
helaw  the  level  ofb  and,  therefore,  within  the  geometrical  shadow. 
The  part  of  the  screen  immediately  above  the  level  of  b  contains  a 
series  of  dark  and  light  bands  as  ^own  at  B,  which  is  a  front  view 
of  the  screen  at  b, 

714.  DifFkuction. — ^The  pupil  may  have  noticed  that 
when  water  waves  strike  a  rock  or  other  obstacle  a  little 
ways  from  the  shore,  part  of  the  energy  of  the  wave  is 
expended  in  producing  a  second  set  of  waves  that  seem  to 
circle  outward  from  the  side  of  the  obstacle  as  a  centre. 
The  original  wave,  which  we  may  call  the  primary,  passes 
directly  onward  while  the  other  waves,  which  we  may  call 
secondary,  wind  around  behind  the  obstacle.  In  similar 
manner,  luminous  waves  are  modified  when  they  pass  the 
edge  of  an  opaque  body,  as  in  going  through  a  nafi*ow 
slit,  in  consequence  of  which  the  rays  seem  to  be  bent 
and  to  penetrate  into  the  shadow.  Such  an  apparent 
bending  of  the  luminous  rays  is  called  diffraction. 
As  the  primary  and  secondary  waves  cut  each  other,  they 
will  unite  at  some  points,  crest  with  crest  and,  at  other 
points,  crest  with  trough.  At  the  latter  points,  we  shall 
have  interference  of  light  and  the  effects  of  colors  pro- 
duced thereby  as  explained  above.  The  halos  sometimes 
seen  around  the  sun  and  moon  are  due  to  the  diffi*action 
of  light  by  watery  globules  in  the  atmosphere.  The  colors 
often  seen  on  looking  through  a  feather  or  one's  half- 
closed  eyelashes  at  a  distant  source  of  brilliant  light  are 
also  due  to  diffraction. 

Experiment  II. — Look  carefully  at  the  black  and  the  white  circles 
given  in  Fig.  874  and  determine  which  seems  to  be  the  larger. 
Then  careftilly  measure  their  diametem  and  see  which  is  the  larger. 
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715.  Irradiation.—.^  whUe  or  very  bright  objeet 
seen  against  a  block  grouTid  appears  larger  than  it 
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really  is ;  a  black  (Ajeet  on  a  white  groujul  appear* 
smaUer  than,  it  really  is.  This  effect  is  called  imv 
diation.  It  arises  from  the  fact  that  the  impresBioii 
produced  by  a  bright  object  od  the  retina  extends  beyond 
the  outline  of  the  image. 

{a.)  The  effect  of  irradiation  is  very  perceptible  In  the  apparent 
Diiigtittude  of  stars  which  are  thus  made  to  appear  much  larger  than 
the;  otherwise  would  ;  also  in  the  appearecce  of  the  new  moon,  the 
illuminated  crescent  seeminp  to  extend  beyond  the  darker  portion, 
the  new,  thus,  holding  the  old  moon  in  its  arms. 

716.  Properties  of  the  Sunbeam, — We  haTe  seen  that 
we  ma;  dccoinpose  a  eunbeam  b;  avalUui;  ouraelves  of  the  vaiyiug 
refran^bilit;  of  the  different  kinds  of  tajs  of  which  it  is  oompoeed. 
We  have  been  able  in  this  manner  to  produce  the  seven  primuatic 
colors  from  white  light.  But  our  analytic  inveetigationB  most  go 
still  turtber.  Beyond  ihe  limits  of  the  miSbU  speetrnm,  in  both 
directions,  there  are  rsya  that  do  not  excite  the  optic  neire,  the  ex- 
istence of  which,  however,  maj  be  eaeily  proved.  The  Bnnbetni 
has  three  properties  which  wo  mast  consider  in  defaUl:  Imninoos, 
thermal  and  actinic 

717.  liiiiniiiotis  Rays. — The  difference  in  color  be- 
tween the  raya  found  in  different  parts  of  the  Bpectrum  is 

merelj  one  of  rate  of  vibxatiott  ot  ■^wsAsa^fia-  "Vsi.-M^w:^ 
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V>  the  yisible  fipectmm^  it  may  be  said  that  color  is  to 
li^t  what  pitch  is  to  sound.  The  length  of  an  ether- 
wave  that  can  awaken  the  sensation  of  redness  is  about 
nlinr  ^^  ^^  inch;  of  one  that  can  awaken  the  sensation  of 
Tiolet,  about  Tyf^.  The  waves  corresponding  to  the 
intermediate  colors  have  intermediate  lengths.  The 
visibility  or  invisibility  of  certain  rays  depends  on  the 
construction  of  the  eye  rather  than  on  any  peculiarity  of 
the  rays.  It  is  quite  possible  that  the  eyes  of  some 
animals  are  so  constructed  that  ultra-red  rays  may  excite 
vision^  and  that  the  eyes  of  other  animals  are  so  con- 
structed that  ultra-violet  rays  may  excite  vision. 

718.    Thermal  Rays. — If   a  very   delicate    ther- 
mometer or  thermopile  be  successively  placed  in  various 
parts  of  the  spectrum  it  will  be  found  that  the  tempera- 
ture is  scarcely  affected  in  the  violet,  but  that  there  is  a 
Continual  increase  in  temperature  as  the  thermometer  is 
moved  toward  the  other  end  of  the  spectrum,  it  being 
quite  marked  in  the  red  and  even  beyond  the  red,  wholly 
outside  the  visible  spectrum.     We  thus  detect  ultra-red 
rays  conabituMng  a  heat  spectrum.     Their  position 
indicates  their  low    refrangibility  and    increased    wave- 
length.    Because  of  its  diathermancy,  a  rock-salt  prism  is 
desirable  for  this  experiment ;  glass  absorbs  most  of  the 
ultra-red  rays. 

('/.)  The  oxy-hydrogen  flame  (Chemistry,  §  41)  develops  little 
light  but  an  intense  heat.  Most  of  its  rays  are  obscure  heat  rays. 
If  a  small  cylinder  of  lime  be  held  in  this  flame,  it  omits  a  most 
brilliant  light.  This  change  of  obscure  heat  rays  into  luminous  rays 
is  called  ealorescence. 

719#  Actinic  Bays. — The  actinic  or  chemical  effects 
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of  sanlight  are^  in  a  general  way^  familiar  to  all.    Rtf 
example,  plants  absorb  carbon  from  the  atmosphere  on^ 
during  the  day  time.    Silver  cbloride  is  very  sensitive  to; 
this  action  of  sunlight.    The  sensitive  paper  of  the  photog* 
rapher  will  remain  unchanged  in  the  dark ;  it  will  be 
(quickly  blackened  in  the  light.  If  a  piece  of  paper  freshly 
washed  in  a  solution  of  sulphate  of  quinine,  or  some  other 
fluorescent  substance,  be  held  in  the  ultra-violet  rays,  it 
will  become  visible.     Such  a  slip  of  paper  may  be  used  as 
a  test  for  the  presence  of  actinic  rays.     By  placing  it 
successively  in  the  different  parts  of  the  visible  spectrum, 
it  will  be  affected  least  in  the  red  and  most  in  the  violet 
Actinic  effects  will  be  found  even  beyond  the  violet,  wholly 
outside  the  visible  spectrum.     We  thus  detect  vMror 
violet  rays  constituting  an  actinio  spectrwm.    Their 
position  indicates  their  high  refrangibility ;   that  their 
wave-length  is  less  than  that  of  the  violet  rays.    A  quartz 
prism  is  desirable  for  this  experiment  as  glass  quenches 
most  of  the  actinic  rays.    The  change  of  obscure,  actinio 
rays  into  luminous  rays  is  cMei fltwrsscence. 

720.  The  Electric  Light.— The  electric  light  is 
particularly  rich  in  these  invisible  rays.  The  dark  heat 
rays  may  be  sifted  from  the  beam  of  light  by  passing  it 
through  a  transparent  solution  of  alum;  only  the  lumi- 
nous rays  will  be  allowed  to  pass.  The  luminous  rays  may 
be  sifted  out  by  sending  the  beam  through  an  opaque  solu- 
tion of  iodine  in  carbon  di-sulphide.  If  these  solutions 
be  placed  in  spherical  flasks,  they  will  constitute  lenses 
that  will  refract  the  transmitted  rays  to  well-defined  foci. 
The  focus  of  the  transparent  solution  will  be  briUiantly 
illiimwAted,  but  will  \iave\\\ttft  \kfi»&si%  vs^^\  ^^sal  <rf. 
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the  opaque  solution  will  be  invisible,  while  gun-cotton 

placed  there  may  be  instantly  exploded.     Platinum-foil 

has  been  raised  to  a  red  heat  at  one  of  these  dark  foci 

Photographs  are  now  frequently  taken  by  the  electric  light 

7S1.  Selective  Radiation  and  Absorption.— 

Badiation  of  light  or  heat  consists  in  giving  motion  to 
the  ether;  absorption  consists  in  taking  motion  from  the 
ether.    Molecules  of  one  kind  are  able  to  vibrate  at  one 
rate ;  those  of  another  kind  may  be  obliged  to  vibrate  at 
a  different  rate.    The  first  set  of  molecules  may  be  able  to 
give  to  the  ether,  or  take  from  it,  a  rate  of  vibration  which, 
in  the  ether,  constitutes  obscure  heat.     These  molecules 
can  absorb  or  radiate  obscure  heat.    They  may  be  unabhj 
to  vibrate  at  the  higher  rate  which  will  enable  them  to  ab- 
sorb or  radiate  light    They  must  either  transmit  or  reflect 
light  that  falls  upon  them.    In  other  words,  a  ])ody  absorbs 
with  special  energy  the  kind  of  rays  itself  can  radiate, 
both  the  absorption  and  the  radiation  depending  upon  the 
possible  rate  of  vibration  of  the  molecules  of  the  body. 

(a.)  In  the  case  of  gases,  the  period  of  molecular  vibratron  is 
Bharplj  defined.  Gaseous  molecules,  like  musical  strings,  can 
vibrate  at  only  definite  rates.  Liquid  and  solid  molecules,  like 
floonding-boards,  are  able  to  vibrate  at  different  rates  lying  between 
certain  fixed  limits.  These  limits  depend  largely  upon  the  tempera 
ture.     This  principle  underlies  solar,  spectrum  analysis. 

733.  Relation  between  Radiation  and  Ab- 
sorption.— Tninsparent  bodies  are  transparent  because 
the  .ether- waves  wliieli  produce  or  constitute  liglit  pass  be- 
tween the  molecules  of  such  bodies  without  having  their 
wave-motion  transferred  to  the  molecules.  Diathermanous 
bodies  transmit  heat  freely  because  the  ether-waves  whicli 
produce  or  constitute  beat  pass  between  the  molecules  oj 
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such  bodies  without  huTlng  their  peculiar  wave-motioi  I 
transfeiTed  to  the  molecules  of  the  bod;  through  wbicfa  9 
thej  pass.    Wheu  a  ray  of  light  or  heat,  in  passing  throngb  ■ 
a  substance,  gives  its  energy  to  tlie  molecules  between   1 
which  it  is  passing  in  the  ether,  the  ray  is  absorbed.    It    \ 
no  longer  esists  as  radiant  energy;  it  has  become  absorbed    3 
beat  and  warms  the  body.     It  is  no  longer  a  motion  of 
the  ether;  it  has  become  a  motioo  of  ordinary  matter,     j 
As  in  the  case  of  radiant  heat,  so  with  light ;  the  beet 
absorbents  are  the  best  radiators.    A  piece  of  transparent^ 
colorless  glass  will  absorb  very  little 
Hght ;  heat  it  intensely  and  it  will 
radiate  very  little  light.     On  the 
other  hand,  a  piece  of  opaque  glass  I 
will  absorb  a  great  deal  of  light ; 
when  heated  intensely,  it  will  radi- 
ate a  great  deal  of  light.    See  §626. 

(a.)  Ifanintenselyheatedpotofmelted  ^"^-  375- 

lead,  tin  or  plumber's  solder  be  carried  into  t  dark  place  aad  tbedrora 
skimmed  aside  bj  a  red-bot 
iron  ladle,  the  liquid  metal 
(which  in  BDnlight  wonid 
reflect  rather  than  abeoib 
the  lifcht)  will  appear  leH 
bright  than  the  euiroimd- 
iDg  droBB.  If  a  piece  of 
platinam-foil  bearing  ao 
ink-mark  be  heated  to  In- 
candeecence  and  viewed  Id 
a  dark  room,  the  ink-muk 
will  radiate  more  Tif^l 
than  the  incto!,  Espoeed 
to  sunlight,  the  Ink-mark 
will  absorb  more  light  than 
the  metal.  If  acbalk-mark 
be  made  on  a  blat^  poker, 
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nd  Tiewed  in  a  dark  room,  the  chalk  will  be  lees  laminoos  than  the 
iron.  If  a  piece  of  stone- ware  of  black  and  white  pattern  (Fig.  375/ 
be  heated  to  redness  and  viewed  in  a  dark  room,  tlio  black  will  shino 
nnne  brightly  than  the  white,  the  pattern  U'ing  rcverHcd  as  shown 
in  Fig.  876. 

Exercises. 

1.  GHve  the  l)est  reason  you  can  think  of,  why  the  rainlx)w  is  a 
circular  arc  aud  not  a  straight  line  or  of  some  other  shape. 

2.  Taking  the  velocity  of  light  to  be  188,000  miles  per  second  and 
the  wave-length  for  green  light  to  he  .00002  of  an  inch,  how  many 
mves  per  second  beat  upon  the  retina  of  an  eye  exposed  to  green 
light? 

8.  How  may  spherical  and  chromatic  aberration  caused  by  a  lens 
becorreoled? 

4.  Benrlbe  Fraunhofer's  lines  and  tell  how  they  may  be  produced. 
Why  not  through  a  circular  orifice  ? 

8L  Describo  in  ftdl  what  is  meant  by  dispersion  and  the  dispersive 
poiror  of  a  medium. 

Becapitnlatiou* — To  be  amplified  by  the  pupil  for 
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OPTICAL  INSTRUMENTS.— POURIZATION. 

733.  Photo^aphers*  Camera.— The  photogrs- 
pher'B  cfonera  is  nearly  the  same  as  the  camera-ohscnra 
described  in  §  650.  Instead  of  the  darkened  room  we  bate 
a  darkened  bos,  DS;  instead  of  the  simple  hole  in  the 
Bhntter,  we  have  an  achromatic  convex  lees,  placed  inft 
Bliding  tube  at  A. 

(a.)  Sometimes,  one  part  of  the  box  alidsfl  within  the  otlier  put 
with  a  moTetnent  like  tbat  of  a  telettcope  tube.  Sometimes  the  fionl 
and  the  liack  of  the  box  are  joined  bj  fleiible  Bides,  as  ehowu  in 
Fig.  377,  BO  that  tlie  distance  ]>etwfen  A  and  S  may  be  varied.  A 
groaud-glass  plate  is  placed  in  the  Trame  at  E,  which  ia  adjosied  M 
that  a  well-defined,  inverted 
image  of  the  abject  in  front 
o!  A  ie  projected  upra  tha 
glass  plate.  (See^6M.)Thi> 
adjustment,  or  "focu»uag>' 
IB  completed  by  moving  the 
lens  and  its  tube  by  IIib 
toothed  wheel  at  D.  When 
the  "focoasing"  ia  Mtis- 
factory,  A  is  covered  wilb 
a  black  cloth,  the  ground- 
glase  plate  replaced  by  * 
chemically- prepared   i 


Fig.  377. 


Utc  plate,  the  cloth  removed  and  the  image  projected  thereon.  Tbe 
light  works  certain  chemical  changes  where  it  falls  upon  this  plate 
and  thus  a  more  lasting  image  is  produced.  The  preliminary  aod 
subsequent  processes  necessarily  involved  in  photography  cannot  be 
9one1dered  here ;  they  belong  rather  to  chemiatry. 


734.  The  Hnman  Eye.— This  moat  admirable  of 
i«ll  optical  instrumenU  is  a  nearly  spherical  ball,  capable  of 
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Fig.  3;S. 
Back  of  the  pupil  tB 


being  turned  congiderably  in  its  socket.  The  onter  ooat,  8, 
i»  firm  and,  excepting  in  front,  is  opaqne.  It  is  called 
the  "white  of  the  eye,"  or  the  aclerotic  coat.  Its  trans- 
parent  part  in  front,  0,  is  called  the  cornea.  The  cornea 
is  more  coqtoz  than  the 
rest  of  the  eyeball.  The 
eomea  fits  into  the  coat,  S, 
as  a  watch  crystal  does  into 
its  case.  Behind  the  cornea, 
IB  a  curtain,  /,  called  the 
trig.  It  is  colored  and 
opaque;  the  circular  window 
in  its  centre  is  called  the 
pupil.  The  color  of  the 
iris  constitates  the  color  of  the 
the  crystalline  lens,  L,  built  of  concentric  shells  of  varying 
density.  lis  shape  is  shown  in  the  figure.  This  lens 
divides  the  eye  into  two  chambers,  the  anterior  chamber 
containing  a  limpid  liquid  called  the  aqueous  humor;  the 
posterior  chamber  containing  a  transparent  jelly,  V,  called 
the  vitreous  humor.  The  viteous  humor  is  enclosed  in  a 
transparent  Back,  H,  called  the  hyaloid  membrane.  The 
cornea,  aqneoas  humor,  crystalline  lens  and  vitreous 
hamor  are  refracting  media.  Back  of  the  hyaloid  mem- 
brane is  the  retina,  R,  an  expansion  of  the  optic  nerve. 
At  the  centre  of  the  back  of  the  eye  is  a  slight  depression 
called  the  yellow  spot.  This  is  the  most  Bensitive  part  of 
the  retina.  The  point  at  which  the  optic  nerve  enters  the 
eye  is  called  the  blind  spot.  It  is  at  one  side  of  the  yellow 
spot,  nearer  the  nose.  Between  the  I'etina  and  the 
sclerotic  coat  is  N,  the  choroid  coal,  intensely  black  and 
rpaque. 
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The  eye,  optically  considered,  is  simply  an  arrangemmi 
for  projecting  inverted  real  images  of  visible  objects  upon 
a  screen  made  of  nerve  filaments.  The  image  thug 
formed  is  the  origin  of  the  sensation  of  vision.   (§  650  c.) 

Experiment  I. — Stick  two  needles  into  a  book-cover  or  boaid  . 
about  6  inches  apart.  Close  one  eye  and  bold  tbe  book  so  tbat  the  ^ 
needles  sball  be  nearly  in  range  witb  the  open  eye  and  about  6  and  12 
inches  respectively  from  it.  One  needle  will  be  seen  distinctly 
while  the  image  of  the  other  will  be  blurred.  Fix  the  view 
definitely  on  the  needle  that  appears  blurred  and  it  will  become 
distinct,  bat  ymi  cannot  tee  both  dearly  at  the  same  time.  (See  Fig. 
854.) 

Experiment  2.— Close  the  left  eye,  look  steadily  at  the  cross  be. 
low,  holding  the  book  about  a  foot  from  the  face.     The  dot  is 


plainly  visible  as  well  as  the  cross.  Keep  the  eye  fixed  on  the  cross 
and  move  the  book  slowly  towards  the  face.  When  the  image  of 
the  dot  falls  on  the  blind  spot  of  the  eye,  the  dot  will  disappear. 
Hold  the  book  in  this  position  for  a  moment  and  see  if  the  changing 
convexity  of  the  crystalline  lens  throws  the  image  of  the  dot  off  the 
blind  spot,  making  the  dot  again  visible. 

Experiment  3« — Stick  a  bright  red  wafer  upon  a  piece  of  white 
paper.  Hold  the  paper  in  a  bright  light  and  look  steadily  at  the 
wafer,  for  some  time,  with  one  eye.  Turn  the  eye  quickly  to 
another  part  of  the  paper  or  to  a  white  wall  and  a  greenish  spot, 
the  size  and  shape  of  the  wafer,  will  appear.  The  greenish  color 
of  the  image  is  complementary  to  the  red  of  the  wafer.  If  the  wpier 
be  green,  the  image  afterward  seen  vdll  be  of  a  reddish  (comple- 
mentary) color. 

725.  The  Action  of  the  Eye. — ^The  iris  acts  as  a 
self-regulating  diaphragm,  dilating  the  pnpil  and  thus 
admitting  more  light  when  the  illumination  is  weak ;  con- 
tracting the  pupil  and  cutting  off  more  light  when  the 
illumination  is  strong.  T/ie  adjustment  for  distance 
(necGsaarj  to  throw  t\\e  foci,  oii  ^<ek  x^Vkaai^  *\^  ^^<^t«l  b^ 


opnoAt  msfnuMEma.  63? 

changing  the  conyezity  of  the  anterior  snrfacc  of  the 
cryBtalline  lens.     (See  Experiment  2.)     The  impression 
upon  the  retina  does  not  disappear  instantly  when  the 
action  of  the  light  ceases  bat  continues  for  about  an 
eighth  of  a  second.    The  result  is  what  is  called  the  per- 
ngtence  of  vision.    If  the  impressions  are  repeated  within 
the  interval  of  the  persistence  of  vision,  they  appear  con- 
tinnons.     (Compare  §  490.)     This  phenomenon   is  well 
iDiifltrated  by  the  luminous  ring  produced  by  swinging  a 
firebrand  around  a  circle  and  in  the  action  of  the  common 
toy  known  as  the  thaumatrope  or  the  zoetrope.    The 
sensibility  of  the  retina  is  easily  exhausted,  as  though  the 
terminal  cones  of  the  optic  nerve  became  tired  of  vibrat- 
ing at  a  given  rate  and  thus  became  insensible  to  cei-tain 
impulses  of  light  corresponding  to  a  certain  color.     (See 
Experiment  3.)     The  retinas  of  some  eyes  seem  to  be 
affected  similarly  by  rays  of  different  colors.     The  owners 
of  such  eyes  are  said  to  be  color  blind.     Serious  railway 
accidents  caused  by  mistaking  the  color  of  signal  lights, 
have  led  to  examinations  for  color  hlindness.     Such  ex- 
aminations have  shown  that  this  optical  defect  is  much 
more  common  than  is  generally  supposed,  many  persons 
being  color  blind  without  knowing  it. 

736.  Estimates  of  Size  and  Distance.— We 

estimate  the  size  of  visible  objects  (by  instinct  or  by  ex- 
perience) from  the  visual  angle  and  the  supposed  distance 
of  the  object  and  by  comparison  with  objects  of  known 
size.  If  we  are  mistaken  in  the  distance  of  the  object,  we 
are  often  mistaken  in  our  estimate  of  its  size.  We  estimate 
the  distance  of  an  object  by  the  distinctness  with  which 
we  see  it^  by  comparison  with  objects  of  known  distance 
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and  by  the  muscular  effort  we  make  in  taming  the 
inward  so  as  to  direct  them  upon  the  object.  The  axes  of 
the  eyes  intersect  at  the  object.  The  angle  between  the 
axes  is  called  the  optical  angle.  The  greater  the  optical 
angle,  the  less  the  distance. 

(a.)  The  more  obscure  an  object,  the  more  distant  (and,  conae- 
quently,  the  larger)  it  seems  to  be.  Hence,  the  apparent  enormous 
size  of  objects  seen  in  a  fog.  When  the  moon  appears  on  the  hori- 
zon, we  see  that  she  is  beyond  all  terrestrial  objects  in  that  direction 
and  she  seems  farther  off  (and,  consequently,  larger)  than  when  she 
is  overhead,  there  being  then  no  intervening  objects  for  comparison. 
But  the  moon  is  actually  nearer  us  when  she  is  in  the  zenith  than 
when  in  the  horizon  and  the  visual  angle  is,  consequently,  greater. 

737.  Distinct  Vision. — That  vision  may  he 
distinct,  the  image  formed  on  the  retina  must  he 
clearly  defined,  well  illuminated  and  of  sufficient 
size. 

(a.)  The  power  of  the  eye  to  adjust  itself  for  distance  is  limited. 
When  a  book  is  held  close  to  the  eyes,  the  rays  from  the  letters  are 
M)  diverp^ent  that  the  eye  cannot  focus  them  upon  the  retina.  The 
ACQ.T  point  of  vision  is  generally  about  3J  inches  from  the  eye.  Ai 
parallel  rays  are  generally  brought  to  a  focus  on  the  retina  when  the 
eye  is  at  rest,  the  far  point  for  good  eyes  is  infinitely  distant.  Owing 
eo  the  small  size  of  the  pupil,  rays  from  a  point  20  inches  or  more 
aistant  are  practically  parallel. 

(&.)  The  near  point  of  some  eyes  is  less  than  3 J  inches,  while  the 
far  point  is  only  8  or  10  inches.  The  owners  of  such  eyes  are  near 
sighted.  In  such  eyes,  the  retina  is  too  far  back,  the  eyeball  beinpr 
elongated  in  the  direction  of  its  axis.  The  remedy  is  in  concave 
glasses. 

{c.)  The  near  point  of  some  eyes  is  about  12  inches  and  the  far 
point  is  infinitely  distant.  The  owners  of  such  eyes  s^re  far-sighted. 
In  such  eyes  the  retina  is  too  far  forward,  the  eyeball  being  flat- 
tened in  the  direction  of  its  axis.    The  remedy  is  in  convex  glasses. 

(d.)  The  eye  loses  its  power  of  adjustment  with  age,  the  crystal- 
line lens  losing  its  elasticity.  The  cause  of  the  difficulty  is  different 
from  that  of  far-sightedness,  but  the  remedy  is  the  same. 
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728.  Ma^nliyiiig  Glasses.— A  magnifying  glass, 
or  simple  microBcope,  ia  a  convex  Icuh,  generally  double- 
convex.  The  object  is  placed  between  the  lens  and  ita 
principal  focus.  The  image  is  virtual,  erect  and  magni- 
fied (Fig.  361.)  The  visual  angle  subtended  by  the  image 
is  greater  than  that  subtended  by  the  object,  , 


7S9.  Gompoand  Microscope. — The  i 

niicroBGope  consists  of  two  or 

moiie  convex  lenaes  placed  iu 

a  tube.      One    of   these,    o, 

called  the  object  glass  or  ob- 
jective, is  of  short  focus.    The 

object,  ah,  being  placed  slightly 

beyond  the  principal  focus,  a 

real  image,  cd,  magnified  and 

tDvcrted,  is  formed  within  the 

tube  (§  695).    The  other  lens,   | 
E,  called  the  eyeglass,  is  i 
placed  that  the  image  formed  I 
by  the  objective  lies  between 
the  eyeglass  and  its  focus.    A 
magnified  virtual  image,  AB, 
of  the  real  image   is   formed   I 
by  the  eyeglass  (§   696)  and 
seen  by  the  observer,      (t 
Fig.  379.) 


impound 


Fig,  37g. 


(d.)  Compoimd  microaoopee  are  OBnall]'  provided  with  severa] 
objactiveB  of  dUtereut  focal  disUQces,  bo  tbat  a  selection  maf  be 
made  according  to  tlie  magni^ing  power  required.  The  powara 
Keneralljr  used  range  from  60  to  360  diaineiere  (t.  e.,  tbej  multipl; 
linear  dbnenrioDS  so  many  times).  The  object  generallj  needs  tt 
be  intenaely  illamluated  by  a  coDcave  mirror  or  convex  lens. 
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730,  Galilean  Telescope ;   Opera  Glass.— In 
the  telescope  attributed  to  Galileo,  the  objective  is  a  double 


Fig.  380. 

convex  and  the  eye-piece  is  a  double  concave  lens.  The 
concave  lens  intercepts  the  rays  before  they  have  reached 
the  focus  of  the  objective  ;  were  it  not  for  this  eye-piece,  a 
real,  inverted  image  would  be  formed  back  of  the  position 
of  the  concave  lens.  The  rays  from  -4,  co.nverging  after 
refraction  by  0,  are  rendered  diverging  by  (7;  they  seem  to 
diverge  from  a.  In  like  manner,  the  image  of  B  is  formed 
at  b.  The  image,  ab,  is  erect  and  very  near.  An  opera- 
glass  consists  of  two  Galilean  telescopes  placed  side  by 
side.     In  a  good  instrument,  both  lenses  are  achromatic. 

'TSl.  Astronomical  Telescope;  Refractor. — 

Astronomical  telescopes  are  of  two  kinds — refractors  and 


Fig.  381. 

• 

reflectors.  Fig.  381  represents  the  arrangement  of  the 
lenses  and  the  direction  of  the  rays  in  the  refracting 
telescope.  The  object-glass  is  of  large  diameter  that  it 
may  collect  many  rays  for  the  better  illumination  of  the 
image.     The  inverted,  d\m\\\Adcv^^,  t<5»1  Ima^e  formed  by 
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the  objectiye,  0,  (§  694)  is  magnified  by  the  eye-piece,  as  in 
the  case  of  the  compound  microscope.  The  visible  image, 
cdr,  is  a  virtual  image  of  ab,  the  real  image  of  CD, 

(a.)  The  telescope  of  the  Lick  Observatory  (Mt.  Hamilton,  Cali- 
fornia, 4,400  ft.  above  the  level  of  the  sea)  is  the  largest  refractor 
in  the  world.  The  objective  is  36  inches  in  diameter.  The  telescope 
fis  56  feet  in  length.  The  objective  cost  $51,000,  and  the  photo- 
graphic corrector  (an  additional  lens  outside  the  objective)  $15,000. 
The  mounting  of  the  lenses  cost  $50,000,  and  the  revolving  dome. 
$70,000. 

733.  Reflecting  Telescopes. — A  reflecting  tele- 
scope consists  of  a  tube  closed  at  one  end  by  a  concave 
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Fig.  382. 


mirror,  so  placed  that  the  image  thus  formed  may  be  mag- 
nilied  by  a  convex  lens  used  as  an  eye-piece.  Sometimes 
the  eye-piece  consists  of  a  series  of  convex  lenses  placed 
in  a  horizontal  tube,  as  shown  in  Fig.  382.  The  rays 
from  the  mirror  may  be  reflected  by  a  cathetal  prism,  mn 
(§  686  \c]),  and  a  real  image  formed  at  ah.  This  image  is 
magnified  by  the  glasses  of  the  eye-piece  and  a  virtual 
image  formed  at  cd.  The  Earl  of  Rosse  built  a  telescope 
with  a  mirror  six  feet  in  diameter  and  having  a  focal  dis- 
tance of  fifty-four  feet.     (Appendix  T.) 

733.  Terrestrial  Telescope. — The  inversion  of 
the  image  in  an  astronomical  telescope  is  inconvenient 
when  viewing  terrestrial  objects.     This  inconvenience  is 
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obviated  in  the  terrestrial  teleBCope  by  the  interposition  of 
two  double  convex  lenses,  m  and  n,  between  the  objectiTe 


Fig.  383. 
and  tlie  eye-piece.     The  raya,  diverging  from  the  inverteil 
image  at  /,  cross  between  m  and  n  and  form  an  erect, 
magnified,  virtual  image  at  ah. 

Experiment  4. — Beflact  a  horizontal  beam  of  siinliglit  into  a 
darkened  room.  Id  its  path,  place  a  piece  of  smohed  glees  on  which 
you  have  traced  the  representstion  of  an  arrow,  AB  (Fig.  384),  or 
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wiiiien  jottr  autograph.  Be  sure  that  every  Htroke  of  the  pencil 
has  cnt  thTongh  the  lamp  hlaek  and  exposed  the  glaes  beneath. 
Place  a  conves  lens  beyond  tho  pane  of  glaaa,  as  at  £,  bo  that  inyB 
that  pans  throagh  the  transparent  tracings  may  be  refracted  by  it 
as  Bhown  Jn  the  figure.  It  is  evident  that  an  image  will  be  formed 
at  the  foci  ot  the  lens.  If  a  screen,  88,  be  held  at  tbe  potdtiona  of 
these  foci,  a  and  b,  the  image  will  appear  clearly  cat  and  bright.  If 
tbe  screen  be  held  nearer  the  lens  01  further  from  it,  as  at  8'  or  8", 
the  picture  will  be  blurred, 

734.  Ma«:ic  Lantern. — In  the  magio  lantern,  a 
lamp  is  placed  at  the  common  foens  of  a  convex  lens  in 
front  of  it  and  of  a  toncave  mirror  behind  it.  The  light 
is  thus  concentrated  upctt  ab,  a  transparent  picture,  called 
the  "siide."     A  system  oV  ^ettaea,  miHa  "^JS»Rfcfti.»i-*.li.ttla 
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more  thaD  iU  focal  distance  beyond  the  slide.    A  real, 
inTerted,  magnified  image  of   tlie   picture  is   thus  pro- 


Fio.  365. 

-jected  upon  the  screen,  S.  The  tube  carrying  m  is  adjust- 
able, so  that  the  foci  may  be  made  to  fall  upon  the  screen 
and  thus  render  the  image  distinct.  By  inverting  the 
slide,  the  image  is 
seen  right  side  up. 
The  solar  and  elec- 
tric microscopes  act 
in  nearly  the  same 
way,  the  chief  differ- 
ence being  in  the 
Bonrce  of  light. 

(a.)  Directions 
making  b,  simple  ma^c  * 
lantern    may    be   foood  Fio.  3B6. 

on  page  84  or  Mayer  and 

Barnard's  little  book  on  Light.  Fig.  886  repreaents  a  rery  compact 
•od  effldent  lantern,  known  as  Marcy's  Scioplicon,  and  famished  by 
Jamea  W.  Qaecn  &  Co.  of  Philadelphia. 

735.  Stereoscopic  Pictures. — Close  the  left  eye 
and  hold  the  right  hand  so  that  the  forefinger  shall  hide 
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the  other  three  fingers.  Withoat  changing  the  porition 
of  the  hand,  open  the  left  and  .close  the  right  eya  The 
hidden  fiiigera  become  visible  in  part.  Place  a  die  on  the 
table  directly  in  front  of  you.  Looking  at  it  with  only  the 
left  eye,  three  faces  are  visible,  as  shown  at  A,  Fig.  387. 

Looking   at    it  with   only   the 

right  eye,  it  appears  as  shown 
at  B.  From  this  we  see  that 
when  we  looh  at  a  solid,  the 
images  upon,  the  retiTiait  of 
the  two  eyes  are  different. 
I^  in  any  way,  we  combine  two  drawings,  so  as  to  prodaoe 
images  npon  the  retinas  of  the  two  eyes  like  those  produced 
by  the  solid  object,  we  obtain  the  idea  of  solidity. 


: 


A. 


Fig.  387. 


736.  The  Stereoscope.— To  blend  these  two  pic- 
tures is  the  office  of  the  stereoscope.    Its  action  will  be 
I  readily  understood  from  Pig.  388.   The 
diaphragm,  D,  prevents  either  eye  from 
seeing  both  pictures  at  the  same  time. 
Rays  of  light  from  B  are  refiracted  by 
the  half-lens  .£' so  that  they  eeem  to 
I  come  from  C.     In  the  same  way,  rays 
from  A  are  refracted  by  .ff  so  that 
they  also  seem  to  come  from  C.     The 
two    sligh%    different  pictures  thas 
I  seeming  to  be  in  the  same  place  at  tiie 
same  time  are  successfully  blended^ 
the  picture  "  stands  oat,"  or  has  the 
Fig.  306.  appearance  of  solidity.      If  the  two 

pictures  of  a  stereoscopic  -view  were  exactly  alike,  thii 
impreamon  of  solidity  ■wou\4Tic.t\»\a«AMLfieA. 
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737.  Polarization. — If  a  horizontal  string,  tight); 
drawn,  be  hit  a  vertical  blow,  a  wave  will  be  formed  with 
ribrations  in  a  veri-ical  plane.  If  the  string  be  hit  a 
horizontal  blow,  a  wave  will  be  formed  with  vibrations  in 
a  horizontal  plane.  Thus  a  trausvcrsnl  wave  is  capable  of 
asanming  u  particular  side  or  direction  while  a  longitudinal 
VaveiB  not  This  ia  expressed  by  sajing  that  a  transversal 
ware  is  capable  of  polarization.  Polarization  of  light 
maj  be  produced  in  three  ways — bj  absorption,  by  reflec- 
tion and  by  double  refraction. 

(a.)  Polarized  light  presenta,  to  the  naked  eye,  tlie  same  appee*- 
■nce  as  ooididod  light.  In  polarization  eiperimeDta,  two  pieces  of 
ai^Huatna  ninst  generall;  he  eniploj'ed  ;  one  to  produce  polariza- 
tion; the  other  to  show  it.  The  former  ie  called  the  polarizer;  the 
latter,  the  analyzer.  Apparatus  that  serveB  for  either  of  these  pur- 
poeea  will  also  serve  for  the  other. 

738.  Planes  of  Vibration  in  Sunbeam.— If 

we  imagine  a  sunbeam  to  be  cut  by  a  plane  perpendicular 
to  the  direction  of  the  beam,  we  may  sup- 
pose  the  section   to   consist    of    vibrations 
moving  in  every  possible  plane,   as  repre- 
sented by  Fig.  389.     It  is  not  to  be  sup- 
posed that  all  of  these  planes  will  intersect 
at  the  same  point    There  will  be  many  rays        " '"  ^"^ 
whoee  planes  of  vibration  are  vertical,  many  whose  plffnes 
of  ribratioQ  are  horizontal,  etc 

739.  Polarization  by  Absorp- 
tion.— If  a  sunbeam  fall  upon  a  substance 
whose  molecular  structure  allows  vibrations 
in  only  a  i)articular  plane,  say  vertical,  tha 
snbstaneo  may  hs  compared  to  a  frame  with 
vertical  bars,  as  represented  by  Fig.   390l 


S46  POLASIZATIOy. 

Sach  a  frame  or  ench  a  sabetance  will  absorb  the  raya 
vfaoae  vibrations  lie  in  a  plane  that  is  horizontal  or  nearly 
BO,  convert  them  into  absorbed  heat  and  transmit,  as 
polarized  light,  thoBC  rays  whoso  vibrations  lie  in  a  plane 
tlmt  is  Tcrticul  or  nearly  so.     A  plate  cut 

■  in  a  certain  way  from  a  crystal  of  tour- 
maline acta  in  snch  a  way  ;  it  is  called  a 
tourmaline  analyzer.  If  the  sunbeam  fall 
upon  a  substance  that  allovs  vibratioDS 
in  only  a  horizontal  plane,  the  substance 
Fig.  3gr.  ^  .  . 

may  be  compared  to  a  frame  with  hori- 
zontal bai-s,  as  represented  in  Fig,  391.  Such  a  body  will 
qoench  all  the  rays  whose  vibrations  lie  in  a  plane  that  is 
vertical  or  nearly  so  and  transmit,  as  polarized  light,  those 
rays  whose  vibrations  lie  in  a  plane  that  is  horizontal  or 
nearly  so.  The  tourmaline  analyzer  previously  used  acta 
in  this  way  when  turned  a  quarter  way  aronnd. 

740.  Tourmaline  Tong^. — If  these  two  frames,  or 
two  tonnnaline  analyzers,  be  placed  one  over  the  other  in 
such  a  way  that  the  bars  of  the  second  shall  be  perpen- 
dicular to  those  of  the 
first,  it  will  be  seen  that  * 
the  first  will  quench  or  B^ 

absorb  part  of  the  rays, 

'  ■'  Fig.  392. 

while  the  rays  trans- 
mitted by  the  first  as  polarized  light  will  be  quenched  by 
the  second.  But  if  the  bars  of  the  second  be  parallel  to 
those  of  the  first,  the  polarized  light  transmitted  by  the 
first  will  also  bo  transmitted  by  the  second.  This  partial 
or  total  absorption  of  luminous  rays  is  shown  easily  with 
the  "  tuunualine  tonga,"  q\iw\\  coo^^  »1  \.'«<&  tAarmallDe 
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plates  set  m  moTable  dlflcs  (Fig.  393).  Light  transmitted 
by  either  plate  is  polarized  (and  colored  by  the  accideatal 
tint  of  the  toarmaline).  When  the  plates  are  Ruperpoecd, 
polarized  light  may  be  tranBmitted  liy  txith,  or  all  of  the 
incident  light  may  be  absorbed  according  to  their  relative 
positions  as  above  stated. 

741.    Polarization    by    Reflection.— Light   ia 

polarized  when  the   raja   whose 

Tihrationa    lie    in    a    particular 

plane  are  alone  allowed  to  paas. 

This  effect  may  be  produced  by 

oaosing  a  beam  of  light  to  be 

reflected  by  a  non-metallic  mirror 

at  a  certain  angle  which  depends 

npon  the  natnre  of  the  reflecting 

Bobetance.      For  glass,    the   ray 

must  make  with  the  reflecting  surface  an  angle  of  35°  35' 

(angle  of  incidence  =  54°  35'), 

743.  Ma]us*H  Po- 
lariscope. — This  in- 
strnment  has  two  reflec- 
tors made  of  bundles  of 
glass  plates.  (An  ordi- 
nary  looking-glass  is  a 
metallic  mirror.)  Of 
these,  A  is  called  the 
polarizer  and  B  the 
analyzer.  Both  reflec- 
tors turn  upon  horizon- 
tal asea;  B  also  turns 


Fro.  3Q3- 


Fig.  394- 


y>'a  a  vertical  axis  by  means  of  the  horizontal  circles,  CC 


B48 


POLAJtlZATIOir. 


When  A  and  B  are  placed  at  the  polarizing  angle  with 
the  vertical  axis,  a  beam  of  light  ib  made  to  fall  apou  the 
polarizer  in  such  a  direction  that  the  reflected  light  will 
paaa  vertically  upward  to  B.  Thia  reflected  light  will  be 
polarized.  The  polarized  light  will  be  reflected  by  B 
when  the  second  reflector  is  parallel  to  the  flrst  (Fig,  395); 
it  will  he  absorbed  or  traasmitted  when  B  is  perpendionlar 
to  A  (Fig.  394). 

(a.)  Place  B  as  abown  in  fig.  395.  Throw  &  beam  at  light  upon 
A,  the  room  being  darkened.  The  light  reflected  fWim  B  will  fonn 
a  white  spot  upon  the  side  of  the  room.  Turn  the  collar,  C,  slowly 
aroaud.  The  spot  of  tight  will  move  aioiuid  the  aides  of  the 
room,  gradnallj  growing  fajnter.  When  C  haa  been  tamed  ■ 
qaarter  waj  around  (Fig.  394).  the  apot  haa  wholly  diaappeared, 
Beyixid  this  it  grows  brighter  until  Q  has  been  tamed  half  wi^ 
aTowid,  when  it  ia  ns  bright  aa  at  the  beglnniiig.  When  G  haa 
been  turned  three-quarters  around,  the  apot  agiio  diaappear^ 
again  reappe&ring  aa  C  and  B  are  brooght  to  their  original 
positions. 


743.  Double  RelVaction. — A  eryatal  of  Iceland 
spar  shows  a  very  important  effect  npon  an  incident 
beam.  The  retarda- 
tion of  the  vibrations 
whose  plane  is  pm^- 
lel  to  the  asis  (the 
line  joining  the  two 
'  obtitse  angles  of  the 
crystal)  is  different 
from  the  retardation 
of  the  vibrationB 
whose  plane  ia  perpendicular  to  the  axis.  This  differ 
ence  in  change  of  velocity  produces  a  difference  in  Uie 
refraction-  of  the  two  w-Va  ol  -Esg^.     KNwwa-^lM^t^ 


Fig.  3g6. 
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therefore,  faUing  upon  a  crystal  of  Iceland  spar  will  be 
generally  split  into  two,  producing  the  effect  known  as 
doable  refraction. 

(a.)  A  small  object,  as  a  dot  or  line,  viewed  throuprb  a  crystal  of 
Iceland  spar,  will  generally  show  two  images  formed  by  light  oppo- 
sitely polarized.  If  the  eye  be  placed  directly  above  the  dot  and 
the  crystal  be  slowly  turned  aroand,  one  image  known  as  the  ordinary 
image  will  remain  stationary,  while  the  other  known  as  the  extra- 
ordinary image  will  revolve  about  it  at  a  var3ring  distance.  The 
ordinary  ray  has  a  constant  and  the  extraordinary  ray  a  variable 
index  of  refraction. 

(&.)  On  looking;  through  a  tourmaline  or  any  other  analyzer,  at 
the  two  images  formed  by  double  refraction,  it  will  be  found  that 
there  is  a  marked  difference  in  the  brightnees  of  the  two  images. 
As  the  analyzer  is  turned  around,  one  image  grows  brighter  and  the 
other  fainter,  the  greatest  brightness  of  one  being  simultaneous 
With  the  extinction  of  the  other. 


744.   NicoFs  Prism. — One  of  the  most  valuable 
pieces  of  polarizing  apparatus  is  Nicors  prism.     A  crystal 


Fig.  397. 

of  Iceland  spar  is  bisected  in  a  plane,  AB^  passing  through 
its  two  obtuse  angles,  as  shown  in  the  figure.  The  two 
halves  are  then  cemented  in  their  original  position  with 
Canada  balsam.  The  refractive  power  of  the  balsam  is 
snch  that  the  extraordinary  ray  passes  through  it  at  Ey 
while  the  ordinary  ray,  striking  the  balsam  at  an  angle 
j^reater  than  its  critical  angle,  is  reflected  at  N^  passes  out 
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of  the  crystal  and  is  then  absorbed  by  the  sarrounding 
frame  of  the  prism.  Since  the  "  Nicol  *'  allows  only  the 
extraordinary  ray  to  pass,  it  may  be  used,  like  a  tourmaline, 
as  an  analyzer  or  as  a  polarizer. 

(a.)  When  the  light  of  the  blue  sky  is  looked  at  through  u  Niool 
or  other  analyzer  (at  an  angular  distance  of  90°  from  the  sun),  a  dif- 
ference of  brightness  is  seen  as  the  analyzer  is  turned.  The  degree 
of  difference  between  the  maximum  and  the  minimum  of  light  thus 
observed  measures  the  degree  in  which  such  light  is  polarized. 


746.  A  Simple  Polariscope. — In  the  accompany- 
ing figure,  5  is  a  pile  of  six  or  eight  glass  plates  about 

15  cm,  square,  serving  as 
J^  a  polarizer.  A  Nicol  at 
E  serves  as  an  analyzer. 
The  Nicol  is  supported, 
as  shown  in  the  figure,  so 
as  to  view  the  centre  of 
the  polarizer  at  the  polar- 
izing angle  of  glass.  The 
prism  should  be  mounted 


Y''////y////^-^/:'^fff^. 


Fig.  398. 


SO  that  it  may  be  turned  on  its  axis  in  its  support.  G  is 
a  piece  of  ground  glass  for  cutting  off  the  images  of 
outside  objects.  The  object  to  be  examined  is  placed  on 
the  glass  table  or  shelf,  71  The  instrument  is  placed  with 
O  facing  a  window  and  covered  with  a  cloth  to  cut  off 
unpolarized  light.     (See  Appendix  U.) 

(a.)  Place  a  thin  plate  (film)  of  mica  or  selenite  on  the  table,  T, 
and  look  through  the  Nicol  while  you  turn  it  about  on  its  axis.  A 
beautiful  display  of  colors  is  seen,  each  reaching  its  maximum  brill- 
iancy, fading  away  and  changing  to  its  complementary  color  as  the 

analyzer  is  turned.     The  co\oi»  mA  Ooaa^s^  ^t  color  are  due  to 

the  interference  of  polailzed  t«>7^* 
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Recapitulation. — To  be  amplified  by  the  pupil  for 


review. 
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CONCLUSION. 

ENERGY. 

746.  Solar  Energy. — The  work  performed  by  men 
and  other  animals  is  due  to  the  transformed  energy  of  food 
'*  This  food  is  of  vegetable  origin  and  owes  its  energy  to 
the  solar  rays.  The  energy  of  men  and  animals  is,  there- 
fore, the  transformed  energy  of  the  sun.  Excepting  the 
energy  of  the  tides,  the  sun's  rays  are  the  source  of  all  the 
forms  of  energy  practically  available.  It  has  been  esti- 
mated that  the  heat  received  by  the  earth  from  the  sun 
each  year  would  melt  a  layer  of  ice  over  the  entire  globe 
a  hundred  feet  in  thickness.  This  represents  energy 
equal  to  one  horse-power  for  each  fifty  square  feet  of 
surface." 

747.  Dissipation  of  Energy.—"  It  has  been  seen 
that  only  a  fraction  of  the  energy  of  heat  is  available  for 
transformation  into  other  forms  of  energy  and  that  such 
transformation  is  possible  only  when  a  difference  of  tem- 
perature exists.  Every  conversion  of  other  forms  of 
energy  into  heat  puts  it  in  a  form  from  which  it  can  be 
only  partially  recovered.  Every  transfer  of  heat  from  one 
body  to  another,  or  from  one  part  to  another  of  the  same 
body,  tends  to  equalize  temperatures  and  diminish  the 
proportion  of  energy  available  for  transformation.  Such 
transfers  of  heat  are  continually  taking  place  ;  and,  as  far 
as  our  present  knowledge  goes,  there  is  a  tendency  toward 
an  equality  of  tempei^A-wt^,  ot,\vx  Q\!afcx  ^^\^^ «.  uniform 
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molecular  motion,  throughout  the  universe.  If  this  con- 
dition of  things  were  reached,  although  the  total  amount 
of  energy  existing  in  the  universe  would  remain  un- 
changed, the  possibility  of  transformation  would  be  at  an 
end  and  all  activity  and  change  would  cease.  This  is  the 
doctrine  of  the  dissipation  of  energy  to  which  our  limited 
knowledge  of  the  operations  of  nature  leads  us;  but  it 
must  be  remembered  that  our  knowledge  is  very  limited 
and  that  there  may  be  in  nature  the  means  of  restoring 
the  differences  upon  which  all  activity  depends." — Anthony 
and  Brackett. 

748.  Varieties  of  Energy. — Like  matter,  energy 
to  indestructible.  We  have  already  seen  that  energy  may 
be  visible  or  invisible  {u  e.y  mechanical  or  molecular)^ 
kinetic  or  potential  We  have  at  our  control  at  least 
eight  varieties  of  energy. 

(a.)  Mechanical  energy  of  portion  (vMble»  potentiaU 
(&.)  Mechanical  energy  of  motion  (vUdble,  kinfidoX 
(c.)  Latent  heat  (molecular,  potential). 
(<7.)  Senmble  heat  (molecular,  kinetic), 
(ej)  Chemical  separation  (molecular  or  atomic ;  potentlll). 
(/.)  Electric  separation  (probably  molecular,  potential). 
{g^  Electricity  in  motion  (probably  molecular,  kinetic). 
(A.)  Radiant  energy,  thermal,  luminous  or  actinic  (moleeallf, 
kinetic). 

749.  Conservation  of  Energy.— The  doctrine 
that,  considering  the  universe  as  a  whole,  the  sum  of  ah 
these  forces  is  a  constant  qnantity,  is  known  as  the  Cbn- 
Bervcdion  of  Energy. 

m  +  h-^c-^-d-^e+f+g^-h^^L  oonstant  quantity. 

This  does  not  mean  that  the  value  of  a  is  invariable ;  we 
bave  ieen  it  changed  to  other  varieties  as  d  or  c2.    We  have 
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neen  heat  changed  to  electricity  and  vice  versa,  and  eitha 
or  both  changed  to  mechanical  energy.  It  does  not  mean 
that  the  sum  of  these  eight  variable  quantities  in  the  earth 
is  constant,  for  we  have  seen  that  energy  may  pass  from 
Bun  to  earthy  from  star  to  star.  But  it  does  mean  that  the 
sum  of  all  these  energies  in  all  the  worlds  that  constitntft 
the  universe  is  a  quantity  fixed,  invariable. 

750.  Correlation  of  Energy  .--The  expression 
_  Correlation  of  Energy  refers  to  the  convertibility  of  one 

form  of  energy  into  another.  Our  ideas  oughti  by  this 
time^  to  be  clear  in  regard  to  this  convertibility.  One  im- 
portant  feature  remains  to  be  noticed.  Badiant  energy  can 
be  converted  into  other  forms,  or  other  forms  into  radiant 
energy  only  through  the  intermediate  voxq  of  absorbed 
heat 

751.  A  Prose  Poem,— '^  A  river.  In  descending  from  an 

eleyation  of  7720  feet,  generates  an  amount  of  heat  competent  to 
augment  its  own  temperature  10°  F.,  and  this  amount  of  beat  was 
abstracted  from  tbe  sun,  in  order  to  lift  the  matter  of  the  riyer  to 
the  elevation  from  which  it  falls.  As  long  as  the  river  continues 
on  the  heights,  whether  in  the  solid  form  as  a  glacier,  or  in  the 
liquid  form  as  a  lake,  the  heat  expended  by  the  sun  in  lifting  it 
has  disappeared  from  the  universe.  It  has  been  consumed  in  the 
act  of  lifting.  But,  at  the  moment  that  the  river  starts  upon  its 
downward  course,  and  encounters  the  resistance  of  its  bed,  the  heat 
expended  in  its  elevation  begins  to  be  restored.  The  mental  eje^ 
indeed,  can  follow  the  emission  from  its  source  through  the  ether, 
as  vibratory  motion,  to  the  ocean,  where  it  ceases  to  be  vibration, 
and  takes  the  potential  form  among  the  molecules  of  aqueous  vapor; 
to  the  mountain-top,  where  the  heat  absorbed  in  vaporization  is  given 
out  in  condensation,  while  that  expended  by  the  sun  in  lifting  the 
water  to  its  present  elevation  is  still  unrestored-  This  we  find  paid 
back  to  the  last  unit  by  the  friction  along  the  river's  bed ;  at  the 
bottom  of  the  cascade,  where  the  plunge  of  the  torrent  is  suddenly 
arrested ;  in  the  warmth  of  the  machinery  turned  by  the  river ;  in 
the  spark  from  the  millstone ;  \»«ii^«.^\^<&<sr(>s^viL^t  the  miner ;  ii 
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tfift  Alpine  flaw-mill ;  in  the  milk-cham  of  the  chalet ;  in  tVi^  •sup' 
ports  of  the  cradle  in  which  the  mountaineer,  by  water-power,  vocks 
his  baby  to  sleep.  All  the  forms  of  mechanical  motion  here  indi- 
cated are  simply  the  parcelling  out  of  an  amount  of  calorific  motion 
derived  originally  from  the  sun ;  and,  at  each  point  at  which  the 
mechanical  motion  is  destroyed  or  diminished,  it  is  the  son's  heat 
which  is  iGB\medJ*—TyndaU, 
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1«  (a.)  Define  science,  matter,  mass,  molecule  and  atom.  (&.)  How 
do  physical  and  chemical  changes  differ  ?    (c.)  Define  physics. 

3.  {a.)  What  are  chemical  and  physical  properties  of  matter? 
(&.)  Define  and  illustrate  two  universal  and  one  characteristic 
properties  of  matter. 

8.  (a.)  Define  meter,  liter  and  gram.  (&.)  What  is  a  solid,  a 
liquid,  and  a  gas  ?    (c.)  Define  dynamics  and  force. 

4.  (a.)  Name  and  define  three  units  of  force.  (6.)  Give  Newton's 
Lftws  of  Motion*    {e,)  Give  the  law  of  reflected  motion. 
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5.  (a.)  Explain  the  paraUelogram  of  forces,  and  (&.)  the  polygon 
if  forces. 

6.  (a.)  Define  gravitation  and  give  its  laws.  (6.)  Give  the  law  of 
weight,  (c.)  What  is  the  centre  of  gravity,  and  how  may  it  be 
found? 

7.  ia,)  Describe  Attwood's  machine.  (6.)  Give  the  rules  and 
formulas  for  falling  bodies,  (c.)  How  far  will  a  body  fall  in  thre0 
seconds  ? 

8.  {a.)  What  is  a  pendulum  ?  (6.)  Give  the  laws  of  the  pendulum. 
{c.)  How  long  must  a  pendulum  be  to  vibrate  10  times  a  minute  ? 

9.  (a.)  Define  energy,  foot-pound,  dyne,  erg,  and  horse-power. 
(6.)  Deduce  the  formula  for  measuring  kinetic  energy  when  weight 
and  velocity  are  given. 

10.  {a.)  Define  each  of  the  six  traditional  simple  machines.  (&.) 
Give  the  law  for  each,  (c.)  What  is  the  office  of  a  machine  ?  (d.| 
Discuss  the  subject  of  friction. 

11.  {a.)  Give  Pascal's  law,  and  the  rule  for  determining  lateral 
^quid  pressure.  (&)  Describe  the  hydrostatic  press,  and  state  the 
general  principle  upon  which  its  action  depends. 

12.  {a.)  State  Archimedes'  principle.  (&.)  What  is  specific  gravity? 
(c.)  Explain  the  determination  of  the  sp.  gr.  of  a  solid  lighter  than 
water,  {d)  Explain  the  use  of  the  specific  gravity  bulb.  («.) 
Describe  Nicholson's  hydrometer  and  explain  its  use. 

13.  (a.)  A  1000  gr.  bottle  having  in  it  928  grs.  of  water,  has  the 
remaining  space  filled  with  metallic  sand  and  then  weighs  1126.75. 
WTiat  is  the  sp.  gr.  of  the  sand  ?  (6.)  Through  which  of  the  three 
kinds  of  levers  can  the  greatest  power  be  gained  ?  (c.)  Through 
which  can  none  be  gained  ?  (d.)  Why  do  we  use  it  ?  («.)  Give  an 
example. 

14.  A  ball  projected  vertically  upward,  returns  in  15  seconds  to 
the  place  of  projection.    How  far  did  it  ascend  ? 

15.  (a.)  A  fioating  solid  displaces  how  much  liquid?  (6.)  An 
inmierscd  solid  displaces  how  much  liquid?  (c.)  A  floating  solid 
.'.OSes  how  much  weight  ?  {d.)  An  immersed  solid  loses  how  much 
weight  ? 

16.  What  is  the  energy  of  a  rifle-ball  weighing  32  grams,  having 
a  velocity  of  213  meters  per  second,  and  striking  in  the  centre  of  a 
pendulum  of  wood  weighing  23  kilograms? 

17.  {a.)  What  is  meant  by  the  increment  of  velocity  or  gravity! 
(6)  How  far  will  a  body  fall  in  6 J  seconds?  (c.)  How  far  in  the 
9th  second  ?  {d.)  If  a  freely-falling  body  have  a  velocity  of  448  ft 
per  second,  how  long  has  it  been  falling  ? 

IS.  (a,)  Deduce,  liomt\iQ\ttw«  oi  t^Uin^  bodiee,  the  formula  fd 
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flie  velocity  of  spouting  liquids  (v  =  8.02  ^/h),  (b.)  Why  must  tbi 
unit  of  measure  used  witli  this  formula  be  feet?  (c.)  Deduce  a 
limilar  formula  in  which  the  meter  is  involved  as  the  unit. 

19.  Name  four  kinds  of  water-wheels,  and  describe  the  most 
efficient  of  them. 

20.  (a.)  Explain  the  action  of  the  mercury  barometer  (6.)  Give 
Hariotte's  law.  (c.)  Describe  the  piston  of  Sprengel's  air-pump. 
(d.)  Describe  the  ordinary  air-pump,  (e.)  Explain  the  action  of  the 
siphon. 

21.  (a)  How  would  you  illustrate  the  law  of  magnetic 
attraction  and  repulsion?  (&.)  Give  the  theory  of  magnetism. 
(«.)  Explain  the  action  of  the  ElectrophoruB.  (d,)  Explain 
terrestrial  induction. 

22.  If  the  capacity  of  the  barrel  of  an  air-pump  be  J  that  of  the 
receiver,  how  much  air  would  remain  in  the  receiver  at  the  end  of 
the  fourth  Stroke  of  the  piston,  and  what  would  be  its  tension 
compared  wiiih  x^at  of  the  external  air  ? 

23.  What  is  the  pressure  on  the  side  of  a  reservoir  150  feet  long, 
and  filled  with  water  to  the  height  of  twenty  feet  ? 

24.  (a.)  Why  it  a  reservoir  usually  built  in  connection  with 
water- works?  (6.)  Why  are  fire-engines  provided  with  an  air- 
ehamber?  (c.)  Why  should  the  nozzle  be  smaller  than  the 
hose? 

25.  (a.)  Why  can  you  not  raise  water  50  feet  with  a  common 
pump  ?  (b.)  What  change  would  it  be  necessary  to  make  in  the 
pump  in  order  to  raise  water  to  that  height  ?  (c.)  Illustrate  by  a 
diagram. 

26.  (a.)  Give  the  law  of  electrical  attraction  and  repulsion,  and 
illustrate  by  pith-ball  electroscope.     (6.)  Define  conductors  and  non 
conductors,  electrics  and  non-electrics,    (c.)  Illustrate  by  an  example 
of  each. 

27.  (a.)  Give  and  illustrate  each  of  the  laws  of  motion.  (6.) 
Explain  composition  and  resolution  of  forces  with  illustrative 
figures. 

28.  (a,)  Give  the  facts  of  gravity  and  the  law  of  weight.  (6.) 
If  a  body  weigh  120  lbs.  2500  miles  below  the  surface  of  the  earth, 
at  what  distance  above  the  surface  will  it  weigh  80  lbs.  ? 

29.  Explain  and  illustrate  electric  induction  fully. 

30.  (a.)  Explain  the  construction  and  action  of  the  electrophorus. 
What  kind  of  electricity  is  discharged  from  it  ?  (b.)  Describe  the 
Leyden  jar  and  explain  its  action,  (c.)  Explain  the  action  of  the 
plate  electric  machine,  (d.)  In  what  way  do  lightning-rods  protect 
buildings? 
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81.  (a.)  Disenss  carefnllj  the  resistance  of  a  Ghdvanic  oeU. 
Describe  the  Voltaic  arc. 

82.  (a.)  State  the  difference  between  a  magnet  and  an  eleeino 
magnet.    (6.)  Give  the  principles  on  which  the  telegraph  operates 
(c.)  What  is  meant  by  an  *'  electro  negative  substance  ?  " 

33.  (a.)  Describe  Huhmkorff's  coil,  and  (&.)  explain  its  action. 
34  Describe  the  thermo-electric  pile,  and  explain  its  use. 

35.  (a.)  Give  Prof.  Tyndall's  illustration  of  the  propagation  of 
sound.  (6.)  What  is  the  velocity  of  sound  in  air  ?  (c.)  How  is  it 
affected  by  temperature  ? 

36.  (a.)  Explain  the  difference  between  noise  and  musie.  (fc.) 
Name  the  three  elements  of  a  musical  sound,  and  state  the  phyacal 
cause  of  each. 

37.  (a.)  Describe  and  explain  the  telephone,  (p.)  The  phono- 
graph. 

38.  (a.)  Explain  interference  of  sound,  (p.)  Give  the  laws  of 
vibration  of  musical  strings,  (c.)  Give  the  relative  numbers  of 
vibration  for  the  tones  of  the  major  diatonic  scale. 

89.  (a.)  If  18  seconds  intervene  between  the  flash  and  report  of  a 
gun,  what  is  its  distance,  temperature  being  82**  F.?  (6.)  If  a 
musical  sound  be  due  to  144  vibrations  per  second,  how  many 
vibrations  correspond  to  its  3d,  5th,  and  octave  ? 

40.  The  bottom  of  a  tank  is  100  centimeters  on  one  side,  and  a 
meter  on  the  adjoining  side.  The  tank  has  a  depth  of  50  centi- 
meters of  water,  (a.)  What  is  the  pressure  on  the  bottom  ?  (6.) 
On  either  one  of  the  vertical  sides  ? 

41.  («.)  What  is  a  horse-power?  (&.)  How  many  horse-powers 
are  there  in  a  machine  that  will  raise  8250  lbs.  176  ft.  in  4  minutes  ? 
{e.)  State  the  modes  of  diminishing  friction. 

42.  What  will  be  the  kinetic  energy  of  a  25-pound  ball  that  has 
fallen  a  mile  ?    (Reject  small  remainders.) 

43.  Two  bodies  are  attracting  a  third  with  forces  as  441  to  576, 
the  first,  weighing  25  lbs.,  at  a  distance  from  the  third  of  20  feet, 
and  the  second  at  a  distance  of  30  feet ;  what  is  the  weight  of  the 
second? 

44  How  far  will  a  body  fall  in  the  first  second  on  Saturn,  the 
density  of  Saturn  being  .12  that  of  the  earth,  and  its  diameter  being 
72000  miles  ? 

45.  (a.)  What  is  temperature?  (&.)  Discuss  the  expansion  of 
water  by  heat,    (c.)  What  is  the  rate  of  gaseous  expansion  by  heat  ? 

46.  (a.)  What  is  the  difference  between  evaporation  and  boiling? 
fb.)  What  is  the  boiling  point  ?  (c.)  What  is  distillation,  and  horn 
is  it  performed  ^ 


Rsvaw.  559 

47.  (a.)  Define  latent,  sensible  and  specific  heat.  (&.)  What  is  the 
latent  heat  of  water  and  of  steam ! 

48.  (a.)  Explain  the  several  modes  of  diffusing  heat,  showing 
how  they  diffev.  (&.)  State  and  explain  the  relation  between  the 
absorbing  and  radiating  powers  of  any  given  substance. 

49.  (a.)  What  is  thermodTnamics  ?  (&.)  State  the  first  law  of 
thermodynamics,  {c)  What  is  the  mechanical  equivalent  of  heal 
in  kilogrammeters  ?    {d.)  What  does  your  answer  mean  ? 

50.  (a.)  Draw  a  figure  showing  the  position  of  the  parts  of  the 
cylinder  and  steam-chest  when  the  piston  is  going  up. 

51.  (a.)  To  what  temperature  would  a  cannon-ball  weighing 
150  lbs.  and  moving  1920  feet  a  second,  raise  2000  lbs.  of  water 
from  32°  F.,  if  its  motion  were  suddenly  converted  into  heat  ?  Qt.) 
Explain  the  origin  and  propagation  of  sound  waves. 

52.  (a.)  Express  a  temperature  of  50°  F.  in  degrees  centigrade. 
(&.)  Name  and  describe  the  essential  parts  of  a  steam-engine  in  their 
proper  order,  (c)  Point  out  the  changes  in  form  of  energy  from 
the  furnace  fire,  through  a  high-pressure  engine  to  the  heated  axles 
set  in  motion  thereby. 

.  53.  The  mechanical  equivalent  of  heat  being  1390  foot-grams 
the  foot  being  equal  to  30.48  cw.,  and  the  increment  of  velocity  oi 
the  earth  being  980  cm.,  find  the  mechanical  equivalent  in  ergs. 
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54.  {a.)  What  is  the  difference  between  waves  of  sound  and 
waves  of  light?  (&.)  What  is  the  difference  between  an  atherma- 
nous  and  an  opaque  substance  ?  (c.)  What  determines  the  apparent 
size  of  a  visible  object  ? 

55.  (a.)  If  the  gun-cotton  mentioned  in  §  620  {a.)  be  rubbed  with 
a  little  lamp-black,  will  it  be  ignited  with  more  or  less  diflBculty? 
Why?  (&.)  What  is  refiection  of  light?  (c.)  How  does  it  differ 
from  refraction  of  light  ? 

56.  (a.)  How  could  you  show  that  light  is  invisible  unless  it  en- 
ters  the  eye?  (&.)  What  determines  the  apparent  position  of  an 
object?  (c.)  What  is  the  distinction  between  real  and  virtual 
images? 

57.  (flf.)  Describe  and  illustrate  a  construction  for  conjugate  foci 
In  the  case  of  a  concave  mirror.  (6.)  In  the  case  of  a  convex  lens, 
(c)  What  is  meant  by  the  index  of  refraction  ?  (d.)  Give  the  laws 
for  refraction  of  light.  ( 

58.  {a.)  Explain  total  internal  refiection.  (6.)  What  is  meant  by 
dispersion  of  light?  (c.)  What  is  pure  spectrum  and  how  may  it 
be  produced?  {d.)  What  are  Fraimhofer's  Lines  and  what  do  th^ 
indicate?    (d.)  Name  the  prismatic  colors  in  order. 
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00.  (a.)  Why  does  a  certain  piece  of  glaaer  look  red  when  it 
held  between  a  lamp  and  the  eye?    (5.)  Why  does  it  look  red  whexs 
the  lamp  is  between  the  glass  and  the  eye  ?    (c.)  Explain  the  sac 
cession  of  colors  in  the  rainbow,    (d,)  What  three  classes  of  rays  in 
a  sunbeam? 

60.  (a.)  Describe  the  human  eye  as  an  optical  instrument.  (&.)  The 
npera-glass.    (<^)  The  terrestrial  telescope,    (d.)  The  stereoscope. 

61.  (a.)  Explain  polarization  of  light  by  absorption.  {&.)  By 
ceflection. 

62.  (a.)  Explain  the  action  of  the  siphon.  (f>,)  Sind  the  volume 
of  a  balloon  filled  with  hydrogen  that  has  a  lifting  power  of  440  lbs. 
(sp.  gr.  of  ail  =  14.42.    One  liter  of  hydrogen  weighs  .0896  g,) 

63.  (a.)  The  barrel  of  an  air-pump  is  \  that  of  the  receiver ;  find 
the  tension  of  the  air  in  the  receiver  after  8  strokes  of  the  piston,  call- 
ing the  normal  pressure  15  lbs.  and  disregarding  the  capacity  of  the 
connecting  pipes.  (&.)  A  stone  let  fall  from  the  top  of  a  cliff  was 
seen  to  strike  the  bottom  in  6|  seconds ;  how  high  was  the  cliff? 

64  (a.)  A  ship  passing  from  the  sea  into  a  river,  discharges  4480f 
lbs.  of  cargo,  and  is  found  to  sink  in  the  river  to  the  same  mark  ag 
in  the  sea.  The  sp.  gr.  of  sea-water  being  1.028,  find  the  weight  of  th« 
ship  and  cargo.  (6.)  A  body  weighing  12  lbs.  (sp.  gr.  =  J,)  is  fastened 
to  the  bottom  of  a  vessel  by  a  cord.  Water  being  poured  in  until 
the  body  is  covered,  find  the  tension  of  the  cord. 

65.  (ai)  A  current  of  9  amperes  worked  an  arc  electric  light, 
(§  467.)  The  difference  of  potential  between  the  carbon  tips  wu 
measured  by  an  electrometer  and  found  to  be  140  volts.  What 
horse-power  was  absorbed  in  the  arc?  (&.)  Find  the  maximum 
weight  that  can  be  supported  by  a  hydraulic  elevator  connected 
with  a  reservoir,  the  area  of  the  piston  being  24  sq.  in.  and  the 
reservoir  being  170  ft.  above  the  cylinder,  (c.)  The  difference  be- 
tween the  fundamental  tones  of  two  organ-pipes  of  the  same  length, 
one  of  which  is  closed  at  the  top,  is  an  octave.     Explain  why. 

66.  If  the  force  of  gravity  be  taken  as  980  dynes,  and  the 
mechanical  equivalent  of  heat  be  424  grammeters,  what  will  be  the 
value  of  a  lesser  calorie  in  ergs?  Ans,  41,552,000  ergs. 
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Mathematical  Formulas. 


IT  =  8.14159. 

Anet  of  a  dicle  =  rr  R*. 


Circumference  of  circle  =  tt  D. 
Surface  of  a  sphere  =  4  ^  R*  =  tt  D*. 


Volume  of  a  sphere  =  J  tt  R*  =  J  tt  D». 

APPENDIX   B. 

Bolderingr* — ^The  teacher  or  pupil  will  often  find  it  yery  ooi^ 
Mdent  to  be  able  to  solder  together  two  pieces  of  metal.  The  pro- 
aesB  here  described  is  very  simple  and  will  answer  in  most  casea 
A  bit  of  soft  solder,  the  size  of  a  hazlenut,  may  be  had  gratis  of  any 
good  natored  tinsmith  or  plumber.  Cut  this  into  bits  the  size  of  a 
grain  of  wheat  and  keep  on  hand.  Dissolve  a  teaspoonful  of  zinc 
diloride  (muriate  of  zinc)  in  water  and  bottle  it.  It  may  be  labelled 
"soldering  4uid."  If  you  have  not  a  spirit-lamp  obtain  one,  or 
make  one.  A  small  bottle  (such  as  those  in  which  school-inks  are 
eommonly  sold)  will  answer  your  purpose.  Get  a  loosely  fitting  cork 
and  through  it  pass  a  metal  tube  about  an  inch  long  and  the  size  of 
an  ordinaiy  lead  pencil.  Through  this  tube,  pass  a  bit  of  candle 
wkking.  Fill  the  bottle  with  alcohol,  insert  the  cork,  with  tube 
•nd  wick,  and  in  a  few  minutes  the  lamp  is  ready.  Having  now 
the  necessary  materials  you  are  ready  for  work.  For  example,  sup- 
pose that  you  are  to  solder  a  bit  of  wire  to  a  piece  of  tinned  ware. 
If  the  wire  be  rusty,  scrape  or  file  it  clean  at  the  place  of  joining. 
By  pincers  or  in  any  convenient  way  hold  the  wire  and  tin  together. 
Put  a  few  drops  of  "  soldering  fiuid  "  on  the  joint,  hold  the  tin  in 
the  flame  so  that  the  wire  shall  be  on  the  upper  side,  place  a  bit  of 
•older  on  the  joint  and  hold  in  position  until  the  solder  melts.  Re 
move  from  the  flame  holding  the  tin  and  wire  together  until  the 
solder  has  cooled.  The  wprk  is  done.  If  you  have  a  **  soldering- 
faNm,''  you  can  do  a  wider  range  of  work,  as  many  pieces  of  work 
'*«nnot  be  held  in  the  lamp  flame. 

^n  soldering  electric  wires,  do  not  use  the  *'  soldering  fluid  "  above 
ik.w^tioned.  Twist  the  wires  together,  heat  the  joint  in  the  lamp  flame, 
dip  it  into  powdered  rosin  and  then  into  coarse  filings  of  solder,  and 
hold  it  in  the  flame  again  until  the  adhering  solder  melts  and  '*  runs." 
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APPENDIX  0. 

A  eopy  of  the  lecture  of  Prof.  Crookes  on  "  Radiant  Matter" 
(g  59  &.)  may  be  obtained  of  Jambs  W.  Qubbn  &  Co.,  Philadelphift, 
for  25  cents.  Teacher  and  pupils  should  secure  one  or  more  copies. 
The  theory  and  experiments  are  alike  beautiful,  interesting  and 
instructive.     In  concluding  the  lecture,  Prof.  Crookes  said  : 

*'  In  studying  this  Fourth  State  of  Matter,  we  seem  at  last  to 
have  within  our  grasp  and  obedient  to  our  control  the  little  indi- 
visible particles  which,  with  good  warrant,  are  supposed  to  consti- 
tute the  physical  basis  of  the  maiverse.  We  have  seen  that,  in  some 
of  its  properties,  Radiant  Matter  is  as  material  as  this  table,  whilst 
In  other  properties  it  almost  assumes  the  character  of  Radiant 
Energy.  We  have  actually  touched  the  border  land  whero  Matter 
and  Force  seem  to  merge  into  one  another,  the  shadowy  realm 
between  Known  and  Unknown." 

APPENDIX   D. 

Prince  Rupert  Drops. — ^A  neat  illustration  of  the  trans- 
mission of  pressure  by  liquids  (§  216),  may  be  given  by  filling  a 
dmall  bottle  with  water,  holding  a  Prince  Rupert  drop  in  its  mouth, 
and  breaking  off  the  tapering  end.  The  whole  "drop"  will  be 
instantly  shattered  and  the  force  of  the  concussion  transmitted  in 
every  direction  to  the  bottle  which  will  be  thus  broken.  These 
*'  drops  "  are  not  expensive ;  they  may  be  obtained  from  James  W, 
Queen  &  Co.,  924  Chestnut  street,  Philadelphia. 

APPENDIX  E. 

Oifference  between  Theory  and  Practice. — ^The  re- 
sults mentioned  in  §  256  are  never  fnUy  attained  in  practice.  Only 
the  particles  near  the  centre  of  the  jet  attain  the  theorotical  velocity. 
Further  than  this,  if  we  carefully  examine  the  stream  we  shall 
notice  that  at  a  little  distance  from  the  orifice  the  stream  is  not  more 
than  two-thirds  or  three-fourths  the  size  of  the  orifice.  This  is  due 
to  the  fact  that  the  liquid  particles  come  from  all  sides  of  the 
opening  and  thus  flow  in  different  directions,  forming  erosa  eurrevUSt 
which  may  be  seen  if  there  are  solid  particles  floating  in  the  water. 
These  cross  currents  impede  the  free  flow  and  diminish  the  volume 
of  liquid  discharged.  Short  cylindrical  or  funnel-shaped  tubes  in- 
creafle  the  actual  flow.  In  a  cylindrical  tube,  this  narrowing  of  tha 
}st.  could  not  take  place  mt\io\\x  ioiimxi^  «^N«&\v.\ix&L«x»vn^^t\sL<d  oar 
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low  neck  (called  the  vena  earUractc^.  The  pressure  of  the  atmoBi 
phere,  tending  to  prevent  this  formation  of  such  a  vacuum,  increases 
the  velocity  and  the  volume  of  the  discbarge.  TUe  funnel-shaped 
tube  prevents  the  formation  of  cross  currents  by  leading  the  liquid 
more  gradually  to  the  point  of  exit. 

APPENDIX  P. 

Barker's  Mill.— A  working  model  of  this  apparatus  (g  264) 
may  be  easily  made  by  any  wideawake  pupil.  Select  a  long,  sound 
lamp-chimney  and  a  fine-grained  cork  that  snugly  fits  the  lower  end. 
Take  a  piece  of  glass  tubing,  the  size  of  a  lead  pencil ,  heat  it  intensely 
in  an  alcohol  or  gas  flame  until  you  melt  off  a  piece  a  little  shorter 
than  the  lamp  chimney.  By  reheating  the  end  thus  closed  by 
fusion,  you  may  give  it  a  neat,  rounded  finish.  Prepare  four  pieces 
of  glass  tubing,  each  12  cm.  long.  These  pieces  would  better  be 
made  of  tubing  smaller  than  that  just  used.  To  cut  the  tube  to  the 
desired  length,  scratch  the  glass  at  the  proper  point  with  a  tri- 
angular file,  hold  the  tube  in  both  hands,  one  hand  on  each  side  of 
flie  mark  just  made,  knuckles  uppermost  and  thumb-nails  touching 
each  other  at  a  point  on  the  tube  directly  opposite  the  file-scratch, 
push  with  the  thumbs  and  at  the  same  time  pull  with  the  fingers. 
The  tube  will  break  squarely  off  Smooth  the  sharp  edges  by  soft- 
ening in  the  alcohol  flame.  Bend  each  of  these  four  pieces  at  right 
angles,  2  cm,  from  each  end,  in  such  a  way  that  one  of  the  short 
arms  may  be  in  a  horizontal  plane  while  the  other  short  arm  of  the 
same  piece  is  in  a  vertical  plane.  The  tubes  may  be  easily  bent 
when  heated  red-hot  at  the  proper  points  in  the  alcohol  or  gas  flame. 
See  that  the  four  pieces  are  bent  alike.  In  the  middle  of  the  cork, 
cut  a  neat  hole  a  little  smaller  than  the  tube  first  prepared.  Near 
the  edge  of  the  cork,  at  equal  distances,  cut  four  holes  a  little 
smaller  than  the  four  pieces  of  bent  tubing.  Push  the  open  end  of 
the  straight  tube  through  the  middle  hole.  From  the  other  side  of 
the  cork,  enter  one  end  of  each  bent  tube  into  one  of  the  four  holes 
Place  the  cork  with  its  five  tubes  into  the  end  of  the  chimney,  see 
ing  to  it  that  the  straight  tube  lies  along  the  exis  of  the  chimney, 
t. «.,  that  it  is  parallel  with  the  sides  of  the  chimney.  The  closed  end 
of  the  central  tube  should  be  near  the  open  end  of  the  lamp-chimney. 
In  pushing  the  tubes  into  the  cork,  grasp  the  tube  (previously  dip- 
ped in  soap  and  water)  near  the  cork,  and  screw  it  in  with  a  slow, 
rotary,  onward  motion.  See  that  the  bent  tubes  are  at  right-angles  to 
each  other,  like  those  shown  in  Fig.  91.  For  a  support,  take  a  piece 
of  stout  wire,  small  enough  to  turn  easUy  in  the  central  tube,  and  a 
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little  longer  tlian  the  chimney.  Place  one  end  in  the  middle  of  t.  «hi 
pepper-box  and  fill  the  box  with  melted  lead.  This  makes  a  firm 
base.  File  the  other  end  of  the  wire  to  a  sharp  point.  For  a  few 
cents,  such  a  wire  with  an  iron  base  may  be  had  ready  made  at  the 
stationer's.  Pass  the  straight  tube  of  the  apparatus  over  this  wire 
until  the  closed  end  of  the  tube  rests  upon  the  sharpened  point.  The 
chimney,  with  its  four  horizontal  arms,  is  now  delicately  suspended, 
free  to  revolve  in  stable  equilibrium.  Place  the  apparatus  in  the 
middle  of  a  tub  and  pour  water  into  the  open  end  of  the  chimney. 
Tour  wheel  will  work  as  well  as  Queen's.  The  satisfaction  of  seeing 
the  machine  work  and  knowing  that  you  made  it  will  amply  repay 
the  cost,  leaving  the  instruction  and  added  skill  for  clear  profit. 

APPENDIX   G. 

Weigrht  of  Air.— (See  §  272.)  A  little  thought  concerning  the 
full  meaning  of  Archimedes'  Principle  will  show  that  if  a  body  weighs 
less  than  its  own  bulk  of  air  it  will  rise  in  the  air.  Thus,  soap- 
bubbles  filled  with  hydrogen  or  other  light  gas  will  ascend.  If  the 
bubble  be  made  from  hot  water  and  filled  with  warm  air  it  will 
rise ;  if  it  be  made  from  cold  water  and  filled  with  cold  air  it  will 
fall.  (Explain  why.)  The  same  x)rinciple  applies  to  balloons.  A 
balloon  loUl  support  a  weight  equal  to  the  difference  between  the  weight 
of  the  baUoon  with  the  contained  gas  and  the  weight  of  the  air  dis- 
placed, A  liter  of  hydrogen  weighs  0.0896  g. ;  a  liter  of  coal  gas^ 
from  0.45  g.  to  0.85  g,  ;  a  liter  of  air  heated  to  200°  Centigrade,  about 
0.8  g.  On  June  6th,  1783,  at  Annonay,  about  40  miles  from  Lyons, 
France,  the  Montgolfier  Bros,  inflated  a  linen  globe  105  feet  in  diam- 
eter with  heated  air.  When  released,  it  rose  to  a  great  height  and 
descended  in  10  minutes  at  a  distance  of  1^  miles.  This  was  the  dis- 
covery of  the  balloon.  During  the  siege  of  Paris  in  1870,  the 
Parisians  communicated  with  the  outer  world  by  means  of  balloons 
about  60  feet  in  diameter,  having  a  capacity  of  about  70,600  cu.  ft. 
These  balloons,  with  net  and  car,  weighed  about  1,000  pounds  each 
and  had  a  carrying  ability  of  about  2,000  pounds.  Balloons  have 
been  made  about  100  feet  in  diameter,  having  a  capacity  of  about 
half  a  million  cubic  feet.  In  1861,  an  ascent  was  made  to  a  height 
of  seven  miles. 

Air  in  motion  constitutes  a  wind  and  has  energy  by  virtue  of  its 
weight  and  velocity.     Winds  are  utilized  for  moving  ships,  for 
driving  windmills,  etc.    They  arise  from  atmospheric  disturbances 
caused  by  solar  heat.    The  energy  of  wind-power  like  that  of  water 
DOwer  (§§  260,  746)  is,  tTaeiefoxe,  \twi«a)o\^  \o  xJsva  ^\£ii^\\»^\uc<». 
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Atmospheric  Pressure.^See  g  275.)  Into  a  bent  glass 
tabe^  AOBt  poor  meroniy  to  a  height  of  about  20  inches,  or  50  em. 
The  meroorjr  will,  of  ooarse,  stand  at  exactly  the  same  level,  ac,  in 
the  two  branches.  If  equal  pressures  of  any  kind  be  exerted  upon 
the  surfaces  of  the  mercury  at  a  and  e,  this  level  will  not  be  dis- 
turbed, while  any  difference  of  pressure  would  be 
promptly  shown  by  the  moYement  of  the  mercury 
and  a  consequent  difference  in  the  heights  of  the 
two  mercury  columns.  The  atmosphere  presses 
upon  both  mercurial  surfiiu^es,  at  a  and  g,  but  it 
presses  upon  them  equally  and,  therefore,  does  not 
change  the  common  leveL  Into  the  arm,  A^  push 
an  air-tight  piston,  p,  which  has  a  valve  opening 
upward  but  not  downward.  As  this  piston  is  pushed 
downward,  the  air  in  A  escapes  through  this  valve 
and  p  finally  rests  upon  the  surface  of  tlie  mercury 
at  a.  When  the  piston,  p,  is  subsequently  lifted  to 
A,  the  atmospheric  pressure  is  wholly  removed  from 
the  surface  of  the  mercury  in  that  arm  of  the  tube, 
while  it  acts  with  unchanged  intensity  upon  the  sur- 
face at  €,  The  consequence  is  that  the  mercury  fol- 
lows the  piston  until  there  is  a  difference  of  about 
7fi0  mm,  or  30  inches  between  the  levels  of  the  mer- 
cury in  the  two  arms  of  the  tube.  If  the  tube  have 
a  sectional  area  of  one  square  inch,  the  mercury  thus 
supported  would  weigh  about  15  pounds,  and  would 
exactly  equal  the  weiglit  of  an  air  column  of  the 
game  sectional  area,  reaching  from  the  apparatus  to  the  upper  sur- 
face  of  the  atmosphere. 
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Copper  Wire. — Copper  wire  is  usually  designated  by  its 
gauge.  Unfortunately  there  are  several  gauges  in  common  use,  of 
which  the  most  important  two  are  the  English  or  Birmingham  wire 
gauge  (B,  W.  G,)  and  the  American  or  Brown  and  Sharpe  {B,  <fc  8.) 
gauge.  For  corresponding  numbers,  the  B.  W.  G.  is  a  little  larger 
than  the  B,  d  8.  The  following  table  of  some  of  the  more  common 
/^ze0  will  he  coDvenient  for  reference : 
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AKBBIOAH  WIRB 

QAUGB  (B  A  a.). 

DiiKBTraa 

DuBtrni 

nr 

So. 

_     .._ 

CiKcTJi-in 

On»B 

No. 

Cmctn^B 

Om 

HiLB. 

MILUIL 

Mi[.«. 

lOOBFr. 

_ 

MiLa.  Ma 

"■^ 

Mils. 

1000  IT. 

en 

4fio.on 

1   .»» 

siinoao 

051 

35.m 

» 

]2BiL4 

B8II 

4(n.B4 

1  .400 

!o84 

81.111] 

loibBS 

0 

SM.BO 

s.sGe 

18807B:4 

,081 

S8.46 

Wl 

13.SS8 

a£4.ie 

.SM 

lOtLSOSJi 

.102 

&4*.T 

»9.3D 

!a44 

!iaa 

1B10:43 

S!T 

easBiio 

.SOB 

B5 

DO 

46S 

B20.4 

sa.m 

41T42.0 

S54.0 

181.94 

4!eai 

K 

SSJSG3 

baiffiols 

S8 

e7,Mi 

8-M!", 

soeio.o 

isio 

M 

i«ol 

ll»:7 

BS.170 

IflHOO.O 

SO 

aw 

100.6 

107.B»1 

114.43 

B7 

i85.iin 

1      MI.B9 

33 

7 

111     1)0.71 

.SOS 

ea84,o 

l-Sll 

ffl 

: 

)S 

180 

B0.1 

815:312 

13     K).61 

.Ota 

easo.o 

ISO 

B9.7 

2n.BS! 

lal     T1.08 

,838 

£'|jS8 

30 

15    nior 

a25«;7 

8.314 

37 

: 

1B.8 

MiiOT 

Ifil     W.63 

jati 

!!fiS!.ll 

aa 

( 

101 

1S,7 

GB6.511 

IT(     «.S8 

SB 

090 

_  i^^L 

'6^4.3 

O-Mfl 

40 

' 

H 

080 

e.Q 

1091.  B66 

2fete.—ThB  Bccond  column  gives  Uic  dlamelen  la  tbooeandths  of  aL  loch  -,  Ilia 
Olid  colamn,  in  mUllmetcrs,  Tho  laarth  colamn  kItbs  tbe  equivalent  nmnber  af 
wiKB  eacb  one  mil  In  diameter,  Tbe  nnmbcrB  therein  given  are  the  eqoarea  af  the 
iiameleTB  in  mile.  By  mnltiplylng  tbe  DiunberB  In  tbe  Ollh  column  bj  G.28,  Ibi 
zea[HtBDceH  per  mile  may  be  fonnd.  Tbe  leaifltanc^  for  any  otbei  metal  than  cop 
per  msj  be  found  by  multiplying  tbe  realetaoce  given  In  tbe  table  by  tbe  istlt 
between  tbe  epeciflc  realetance  of  popper  and  the  epecEOc  TeBlatance  of  tbe  glren 
metal.  (See  table  of  speclflc  resistances  la  Appeadix  K  [!]>.  Tbe  TeslMancea 
given  In  tbe  table  are  for  pun  copper  win  at  a  tempetaCiue  of  7G°  T.  or  34°  C. 
Ordinary  commercial  copper  wiie  bsa  a  condtieUvity  of  aboat  X  or  DO  per  aiU. 
that  of  pure  copper.  CoDseqacntl;,  the  resistances  of  ancb  wiree  wUI.Ih  alMatl 
per  cent,  greater  than  those  given  in  tbe  table. 


BTOBS-  OR  BIRMmaBAM 

wiEE  OAtraE  (R  w.  a.). 

flo. 

Dunnmis 

No. 

Dl.<.T,BI>. 

No. 

Mm. 

Una.  j    MiLLDi. 

Mils. 

Mnxu. 

4.19 

tw 

o.w 

The  cBtalogne  of  electrical  wires  (furnished  gratis  by  Holmes,  Bootb  A  Hayden^ 
tSMarayatntH,  New  York  Cltj,  ocbjTbe  Electrical  Bnpply  Co,,  I7De]rBtieelx 
nmuliu  many  yalnablB  tables  and  oQiai  Sn* 
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APPENDIX   J. 

The  Ijeyden  Jar. — The  following  is  extracted  (aa  much  other 
information  in  this  volume  has  been)  from  Silvanos  Thompson's 
**  Elementarj  Lessons  in  Electricity  and  Magnetism  ": 

The  existence  of  a  residual  charge  (§  356)  can  be  explained  either 
on  the  supposition  that  the  dielectric  is  composed  of  heterogeneous 
particles  which  have  unequal  conducting  powers  or  on  the  hypothesis 
that  the  molecules  are  actually  subjected  to  a  strain  from  which, 
eq>ecial1y  if  the  stress  be  long  continued,  they  do  not  recover  all  at 
otice.  There  is  an  analogy  between  this  phenomenon  and  that  of 
the  **  elastic  recovery  "  of  solid  bodies  after  being  subjected  to  a  bend- 
ing or  a  twisting  strain.  A  fibre  of  glass,  for  example,  twisted  by  a 
certain  force,  flies  back  when  released  to  almost  its  original  position, 
a  slight  sub-permanent  set  remains  from  which,  however,  it  slowly 
recovers  itself,  the  rate  of  its  recovery  depending  on  the  amount  and 
duration  of  the  original  twisting  strain.  It  is  possible  to  superpose 
several  residual  charges,  even  charges  of  opposite  signs,  which 
apparently  "  soak  out "  as  the  strained  material  gradually  recovers 
itself. 

As  to  the  precise  nature  of  the  molecular  or  mechanical  operations 
in  the  dielectric  when  thus  subjected  to  the  stress  of  electrostatic 
induction,  nothing  is  known.  One  pregnant  experiment  of  Faraday 
JB  of  great  importance,  by  showing  that  induction  is,  as  he  expressed 
it,  "an  action  of  contiguous  particles."  In  a  glass  trough,  T(¥\g, 
400),  is  placed  some  oil 
of  turpentine,  in  which 
are  put  some  fibres  of  dry 
silk  cut  into  small  bits. 
Two  wires  pass  into  the 
liquid,  one  of  which  is 
joined  to  earth,  the  other  *  ^ 

being  put  into  connection  with  0,  the  prime  conductor  of  an  elec- 
trical machine.  The  bits  of  silk  come  from  all  parts  of  the  liquid  and 
form  a  chain  of  particles  from  wire  to  wire,  p  to  p'.  On  touching 
them  with  a  glass  roii  they  resist  being  pushed  aside,  though  they 
at  once  disperse  if  the  supply  of  electricity  is  stopped.  Faraday 
regarded  this  as  typical  of  the  internal  actions  in  every  case  of  in- 
duction across  a  dielectric,  the  particles  of  which  he  supposed  to  be 
"  polarized,"  that  is,  to  be  turned  into  definite  positions,  each  particle 
having  a  positive  and  a  negative  end.  The  student  will  perceive  an 
obvious  analogy,  therefore,  between  the  condition  of  the  particles  of 
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ft  dielectric  across  which  electrostatic  iDdactionis  taking  place,  and 
the  molecules  of  a  piece  of  iron  or  steel  when  subjected  to  magnetic 
induction. 

Siemens  has  shown  that  the  glass  of  a  Leyden  jar  is  sensibly 
warmed  after  being  several  times  rapidly  charged  and  discharged 
This  obviously  implies  that  molecular  movement  accompanies  the 
changes  of  dielectric  stress. 

The  internal  volume  of  a  Leyden  jar  is  increased  when  it  is 
charged,  as  though  the  attraction  between  the  two  charged  surfaces 
compressed  the  glass  and  caused  it  to  expand  laterally. 

APPENDIX  K. 

(1.)  Electrical  Resistance. — The  idea  implied  in  resistance 
is  that  of  a  force  opposing  the  E.  M.  F.  which  maintains  the  current 
It  is  analogous  to  friction  in  mechanics.  The  resistances  of  a  circuit 
are  of  two  kinds,  viz.,  the  resistances  of  the  conductors  themselves 
and  the  resistances  due  to  imperfect  contact.  The  latter  kind  is 
affected  by  pressure,  which  brings  the  surfaces  into  more  intimate 
contact.  The  contact  resistance  of  two  wire  conductors  may  vary 
from  infinity  to  the  small  fraction  of  an  ohm.  Hence,  great  care 
should  be  exercised  in  splicing  two  such  wires,  by  seeing  that  the 
contact  surfaces  are  clean  and  that  the  wires  are  tightly  twisted  to- 
gether.     In  many  cases,  it  is  desirable  to  solder  the  spliced  wires. 

(2.)  Specific  Resistance. — The  specific  resistance  of  a  sub- 
stance is  best  stated  as  the  resistance  in  absolute  units  (t.  e,,  ii 
billionths  of  an  ohm)  of  a  cubic  centimeter  of  the  substance. 


TABLE  OP  SPECIFIC  RESISTANCES  AND  RELATIVE  CONDUCTIVITIES. 


Substance. 


Metaia. 
Silver, 

PlatiDnm. 
Iron  (soft), 
Lead, 

German  Silver, 
Mercury  (liquid). 
Seleniam  (annealed), 

lAquids. 
Fare  Water  at  22°  C. 
Dilute  Sulphuric  Acid ) 
(V?  acid),  f 

Dilute  H,SO«  (i  acid) 


Iruulatare. 
Glaas  (at  300°  O, 
Oatta-percba  (at  20°  C) 


SFBcuao  Rbsistancb. 


1,609 
1,642 
2,164 

9,827 

19,847 

21,170 

96,146 

6  X  10>» 


7*18    X  10'" 

« 

•832  X  10»° 

•128  X  10'° 

8-5     X  \o»* 


Rblativb  Conductivity. 


100 
96 
74 
18 
16 
8 

7-5 
16 
4rt  agff  Qgg  aaa 


JjoBB  than  one  mUttanth 
part. 
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If  tbe  poles  of  100  Daniell  cells  be  connected  with  tin-foil  sheets 
1  m,  square  pasted  on  opposite  faces  of  a  plate  of  gutta-percha  1  em. 
thick,  less  than  10  coulombs  would  pass  through  this  circuit  of  very 
high  resistance  in  a  whole  century. 

Those  substances  that  possess  a  high  conducting  power  for  elec- 
tricity are  the  best  conductors  of  heat  (g  004  \b.  ]).  Liquids  are  worse 
conductors  than  the  metals,  and  gases  are  perfect  non-conductors, 
sxcept  when  so  rarefied  as  to  admit  of  discharge  by  convection 
through  them. 

(3.)  ^Effects  of  Heat  on  Resistance. — The  resistance  of  a- 
conductor  is  constant  as  long  as  the  molecular  condition  of  the  con- 
ductor is  unchanged.  But  it  is  changed  by  heat,  strain,  tempering, 
magnetization  and,  in  some  cases,  by  light.  The  resistance  of  metals 
increases  considerably  as  the  temperature  is  raised.  On  the  other 
hand,  the  resistance  of  carbon  appears  to  diminish  on  heating. 
German-silver  and  other  alloys  do  not  show  so  much  change,  hence 
they  are  used  in  making  standard  resistance-coils.  Liquids  that 
conduct  only  by  being  electrolyzed  conduct  better  as  the  tempera- 
ture rises.  Vide^  Encyclopfledia  Britannica,  voL  viii,  p.  62  {Ninth 
edition), 

(4.)  effect  of  Light  on  Resistance. — Ordinary  fused  or 
vitreous  selenium  (Chemistry,  §  160)  is  a  very  bad  conductor ;  its 
resistance  being  nearly  3.8x10^^  times  as  great  as  that  of  copper. 
When  carefully  annealed  (by  keeping  for  some  hours  at  a  tempera* 
ture  of  about  220**  C,  just  below  its  fusing  point,  and  subsequently 
cooling  slowly),  it  assumes  a  crystalline  condition,  in  which  its  electric 
resistance  is  considerably  reduced.  In  the  latter  condition,  especially, 
its  resistance  is  considerably  and  instantly  lessened  by  exposure  to 
light.  Greenish-yellow  rays  are  the  most  effective.  Prof.  Graham 
Bell  and  Mr.  Sumner  Tainter  have  devised  forms  of  "  selenium  cells," 
in  which  the  selenium  is  formed  into  narrow  strips  between  the 
edges  of  broad  conducting  plates  of  brass,  thus  securing  both  a  re- 
duction of  the  transverse  resistance  and  a  large  amount  of  surface- 
exposure  to  light.  The  resistance  of  such  a  cell  in  the  dark  was 
800  ohms ;  when  exposed  to  sunlight,  it  had  a  resistance  of  but  150 
ohms.  This  property  of  selenium  has  been  applied  in  the  construc- 
tion of  the  Photophone,  an  instrument  which  transmits  sounds  to  a 
distance  by  means  of  a  beam  of  light.  The  light  is  reflected  to  the  dis* 
tant  station  by  a  thin  mirror  thrown  into  vibrations  by  the  voice ;  the 
beam  falling,  consequently,  with  varying  intensity  upon  a  receiver  of 
selenium  connected  in  circuit  with  a  small  battery  and  a  Bell  telephoneii 
The  sounds  are  thus  reproduced  by  the  variations  of  the  current. 
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SlmilM  piop«rtiM  are  poHaesBed,  to  k  smaller  degree,  by  UBuritim 

(ChemlBtt?,  %  161). 

APPENDIX  L. 
(1.)  Tlie  Tangent  Oalvanometer.— It  is  not  poedbla  to 
make  a  galv&nometer  In  which  the  strength  of  cairent  ahall  be  pro- 
portiooal  lo  the  angle  of  deSei.-tioD  through  its  nhole  range.  But  a 
simple  galTBnometoi;  may  be  made  in  which  the  strength  of  the 
current  ehall  be  proportional  to  the  tangtni  of  the  angle  of  deflec- 
The  tangent  gal- 
e  form  of 
which  is  shown  in  Yig. 
401,  is  such  an  instmment. 
A  horizontal  needle  (g4B8a) 
not  more  than  an  inch 
long  Is  delicately  suBpend- 
ed  at  the  centre  of  a  atoat 
copper  wire  hoop  about 
fifteen  inches  in  diameter. 
The  single  coil  or  hoop 
being  placed  in  the  mag- 
netic meridian,  a  eumni 
fiowmg  through  the  mU  toll 
defied  the  needle  through 
meh  an  angle  that  ths 
tangent  o/*  the  angte  of 
defieetion  ii  proportional  te 
the  strength  of  the  evirrmt. 
For  example,  aappoae  that 
a  certain  battery  gives  a  deflection  of  15°  and  a  second  batteij  gives 
a  dufiection  of  30°.  The  nnmbers  of  amperes  are  not  In  the  ratio  of 
IS :  30  bnt  in  the  ratio  of  tan  15° :  tan  80°.  The  values  of  sach 
tangents  must  be  obtained  from  a  Table  of  Natoral  Tangents  (see 
below),  from  which  it  will  bo  fonnd  that  the  strengths  of  tbe  carrente 
are  in  the  ratio  of 

0.268 : 0.577,  or  about  10  :  33. 

If  a  known  current,  C.  gives  a  deflection  of   m  degrees  and  an 

unknown  correut,  e,  gives  a  deflection  of  n  degrees,  the  valne  of  » 

TDK)  be  fonnd  (with  the  help  of  the  table  below)  from  the  proportion 


A  delicate,  sUCT  pointer  or  index  of  alomlnom  (Chemistry,  §  846) 
ie  usually  fastened  U>  tbe  abott,  stoat  needle  of  the  tangent  gal- 
nuKuneter.     Bat,  at  tlifibesl,  tt^Va^snxaoi&XawfciiK^  watfJltv. 
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TABLK   OP  MATUKAL  TAITCfflSTS. 
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'  (3.)  Tlie  Sine  Galvanometer. — Anj sensidTe galTauometor, 
the  needle  of  which  is  directed  bj  the  earth's  niBgneUsm  and  in 
which  the  frame  on  which  the  coila  are  woand  is  capable  of  being 
tnimed  round  a  central  axis,  ma;  be  need  as  a  Sine  GalvBDometer. 
The  coils  are  Bet  parallel  to  the  needle  (i.  e.,  in  the  ma^etic  merid- 
ian). The  current  is  then  sent  througli  tlie  coils,  deflecting  the 
needle.  The  coil  is  then  turned  until  it  overtakes  the  needle  which 
once  more  lies  parallel  to  the  coil.  Two  forces  are  now  acting  on 
the  needle  and  balandng  each  other,  rfe.,  the  directive  force  of  the 
earth's  magnetism  and  the  deflecting  force  of  the  current  flowing 
through  the  coil.  At  this  moment,  the  strength  of  the  current  is  pro- 
portional to  the  sine  of  the  angh  through  which  the  coil  hat  been 
turned.  The  values  of  the  mnes  must  be  obtained  from  a  Tahle  of 
Natural  Sines. 

TABLK   OF  NATURAL   BINES. 
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(8.)  The  Mirror  Galvanometer  .—In  thia  instnunent,  « 

very  light  mirror  of  Bilvered  gUsa  is  faatcuecl  to  the  needle-eo  that* 
oeuu  of  llgbt  mii7  be  reflected  upon  a  gradaated  soele.  The 
allghteet  motion  of  the  ne«dle  is  tlms  magnified  and  made  apparent, 
ng.  403  BhowB  the  minor  galTanometer  devised  b;  Bir  W,  Thomson 


Fig.  402. 

for  ^gnalling  through  submarine  cables.  The  magnet  condsts  ti 
one  or  more  pieces  of  steel  wat«h  spring  fastened  to  the  back  of  a 
small  concave  mirror  which  is  hung  bj  a  single  fibre  of  cooo<»i  rilk 
witbiu  tbe  coil.  A  curved  magnet,  carried  on  a  vertical  snpport 
above  tbe  coil,  serves  to  counteract  the  earth's  magnetism  and  to 
direct  the  needle  witbin  tbe  coil.  A  beam  of  light  from  tbe  lamp 
psssee  through  a  small  opening  under  the  scale,  falls  apon  tba 
mirror  and  is  reflected  back  upon  the  scale.  Tbe  carved  magnet 
above  the  coil  enables  the  operator  to  bring  the  spot  of  reflected 
light  to  the  zero  mark  at  tbe  middle  of  the  scale.  A  earrent  paeslug 
throQgb  tbe  coil  turns  the  needle  and  its  mirror,  tbua  shifting  tba 
spot  of  ligbt  to  the  right  or  left  of  the  eero  point.  The  apparatus  It 
wondrously  senritive.  Tbe  current  produced  by  dlpjidDg  the  pcdnt 
of  a  brass  '^a  and  tbe  point  of  a  st«el  needle  into  a  drop  of  salt  water 
and  clo^ng  tbe  external  circuit  through  thia  instrument  Bends  tha 
spot  of  ligbt  swinging  way  across  tbe  scale. 

(4.)  Tlie  DUrereDUal  G*V(aiw>"B«**a--'^  *^''o*™. 
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ment,  th«  edl  is  made  of  two  sepante  wlree  wound  side  by  side. 
If  two  equal  cnrrenta  are  Bent  through  these  wires  in  opposite 
directionB,  the  needle  will  not  be  dedected.  If  the  currents  are 
nueqaal,  the  needle  will  Iw  deflected  bj  tbe  strouger  one  with  a 
foMe  corresponding'  to  the  difference  of  the  strengths  of  tbe  two 
carrenta.  It  is  much  used  in  "nil"  methods  of  c 
[See  App.  M  (2,  d}.] 


(5.)  The  I>yiianio meter. — Fig,  408  represents  one  form  of 
of  Biemen'selectradftiamometer.  Here  the  movable  coil  is  balanced 
on  a  hnrdeoed  steel  point 
resting  in  a  small  center  of 
polished  agate.  Thisavoids 
the  necessity  foe  frequent 
adjustments  of  the  instm- 
ment  to  zero  to  avoid  varia- 
tions in  the  tor^on  of  the 
suspending  fiber  caused  by 
variations  in  the  amount  of 
moi stare  in  the  atmosphere. 
The  index  attached  to  the 
movable  coil  is  made  o( 
aluminum  wire  (a  very 
light  metal :  see  Chemis- 
try §  347),  for  the  purpose 
of  reducing  the  moment  of 
inertia  and  consequent 
tendency  to  oscillation. 


Fig  408 
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Electrical  Mea- 
suremeats  — The  wonderful  advance  made  by  electrical  science 
within  the  last  few  years  is  largely  due  to  the  adoption  of 
a  sj'stem  of  exact  measurements  In  '^ptember,  1881,  tbe  Paris 
Electrical  Congress  composed  of  representative  electricians  of  all 
countnes  established  a  system  of  nen  {C  Q  S.)  electrical  units 
which  are  sow  generally  accepted  and  used  The  unite  have  been 
determined  with  great  care  and  the  standarda  constructed  with 
extreme  nicety. 
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(1.)  BcBlstanceCoilB.— (a.)  Wires  of  stondard  resiatoiiM  m» 
now  sold  b7  instniment  makers  under  the  nmne  of  Retutatux  (Ml 
Tliej  conaist  of  colls  of  german- 
rilver  (or  silver-iridium  or  other 
platin(dd  alloy),  woDod  witb  great 
care  and  adjusted  to  aach  a  leagth 
as  to  have  reBistances  of  a  definite 
number  of  oluns.  Id  order  to  avoid 
self-indaction  and  tlie  consequent 
sparliBBt  the  opening  or  closing  of 
the  circnit,  they  are  wound  in  the 
peculiar  manner  indicated  in  Fig. 
104,  each  wire  (covered  with  silk  or 
paraffined  cotton)  being  doubled  on  itself  before  being  coiled  up.  Each 
end  of  a  coil  is  soldered  to  a  solid  brass  piece,  as  coil  1  to  ^  and  B, 
ccdl  3  to  £  and  C;  the  brass  pieces  being  themselves  fixed  to  a  block 
of  ebonite  (forming 
thetopof  the"reHiBt- 
8nceboI"),  withsnf- 
ficient  room  between 
them  to  admit  of  the 
insertion  of  stout, 
well -fitting  plugs  of 
brass.  Fig. 40S  shows 
aeomplete  resistance- 
bos,  as  fitted  up  for 
electrical  testing, 
with  the  pings  in 
their  places.  So  long  as  the  plugs  remain  In,  the  cnnent  flows 
through  the  solid  brass  pieces  and  plugs  wlthoot  encountering  anj 
serious  resistance ;  but  when  any  plag  is  removed,  the  current  can 
pass  from  .the  one  brass  piece  to  the  other  only  by  tiaTersiag  the 
coil  thus  thrown  into  circuit.  The  series  of  coils  chosen  is  usually 
of  the  following  numtierB  of  ohms'  resistance — 1,  3,  3,  5  ;  10,  30,  30, 

SO ;  100,  200,  300,  500  ; .  up  to  10,000  ohms.     By  pulling 

out  one  plag,  any  one  of  these  may  be  thrown  into  the  circuit  and  any 
desired  whole  number,  up  to  30,000,  maybe  made  up  by  pulling  out 
more  pings;  thus  a  resistaoce  of  263  ohms  will  bo  made  up  as 
SOO-HM-t-  to  -1-2+1. 

(b.)  It  sometimes  happens  that  after  a  current  has  been  passed 
through  a  coil  of  even  a  high-priced.  "  standard  "  instrument,  if  the 
coil  is  connected  with  a  galvanometer,  a  deflection  will  be  noticed; 
the  coD  ia  polarized.  The  degree  of  error  thus  introduced  into  a 
it  may  be  oouBideiable  in  quantity.    The  phenomena  are 
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saeh  as  to  suggest  that  the  polarization  is  of  a  statical  nature  and 
that  the  deflection  noticed  is  due  to  a  residual  discharge.  In  at 
least  some  cases,  the  polarization  is  caused  by  the  electrolysis 
of  water  absorbed  from  the  atmosphere  by  the  insulation  of  the 
wire.  (See  §  414.)  Careful  paraffining  of  the  coils  is  a  common 
protection  against  polarization,  but  it  is  not  permanent,  because  the 
paraffine  may  crack  and  allow  watery  vapor  to  come  into  contact 
with  the  wire  or  its  insulation 

(2.)  Measuring  ^External  Resi8taiice8.~(a.)  Suppose  that 

we  have  a  standard  battery  of  a  few 
Danleirs  cells,  joined  up  in  circuit 
with  R,  a  wire  of  unknown  resist- 
ance, and  with  a  galvanometer  that 
Indicates  a  current  of  a  certain 
strength,  as  shown  in  Fig.  406.  If 
we  remove  the  wire,  i?,  and,  in  its 
place  in  the  circuit,  substitute  wires 
Fig.  406.  whose  rmstancea  we  know,  we  may, 

by  trying,  find  one  which,  when 
interposed  in  the  path  of  the  current,  gives  the  same  deflection  of 
the  galvanometer  needle.  Hence,  we  shall  know  that  this  wire  and 
the  one  we  called  R  ofier  equal  resistances  to  the  current. 

(6.)  A  rheostat  is  a  long  thin  wire  coiled  upon  a  wooden  cylinder, 
so  that  any  desired  length  of  the  wire  may  bo  thrown  into  the 
circuit  by  unwinding  the  proper  number  of  turns  of  wire  off  the 
cylinder,  or  by  making  contact  at  a  point  at  any  desired  distance 
from  the  end  of  the  wire.  The  rheostat  has  been  superseded  by  the 
resistance  coils  mentioned  above. 

(c.)  The  method  explained  above  may  be  used  with  any  galva- 
nometer of  sufficient  sensitiveness,  but  if  a  tangent  galvanometer  is 
available  the  process  may  be  shortened.  Suppose  the  tangent 
galvanometer  and  an  unknown  resistance,  R,  to  be  included  in  the 
circuit,  as  in  Fig.  406,  and  that  the  current  is  strong  enough  to  pro- 
duce a  deflection  of  a  degrees.  Substitute  for  R  any  known 
resistance,  r,  which  will  alter  the  deflection  to  h  degrees ;  then 
(provided  the  other  resistances  of  the  circuit  be  negligibly  small)  it 
is  clear  that,  since  the  strengths  of  the  currents  are  proportional  to 
tan  a  and  tan  h  respectively,  the  resistance,  R,  may  be  calculated  by 
the  inverse  proportion  : 

tan  a  :  tan  b  =  r  :  R. 

(d,)  With  a  diflerential  galvanometer  and  a  set  of  standard  resist- 
ance coils,  it  is  easy  to  measure  the  resistance  of  a  conductor.  Le* 
the  circuit  of  a  battery  divide  into  two  branches,  so  that  part  of  the 
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current  flows  throagh  the  given  resistance  and  round  one  set  of  coils 
of  the  galvanometer,  the  other  part  of  the  current  heing  made  to  flow 
through  known  resistances  and  then  round  the  other  set  of  coils  in 
the  opposing  direction.  When  we  have  succeeded  in  matching  the 
unknown  resistance  by  one  equal  to  it  from  the  known  resistances, 
the  currents  in  the  two  branches  will  be  equal  and  the  needle  of  the 
differential  galvanometer  toiU  show  no  deflection.  With  an  accurate 
instrument,  this  method  is  very  reliable. 

Or  we  may  vary  the  resistance  of  the  second  circuit  until  it  balances 
the  given  resistance ;  remove  the  given  resistance  and  put  known 
resistances  in  its  place  until  the  galvanometer  again  shows  no  deflec- 
tion. This  is  the  better  way,  as  it  gives  good  results  even  if  the  two 
coils  of  the  galvanometer  are  not  exactly  symmetrical.  (Compare 
§  177.) 


Fig.  407. 


(e.)  The  best  of  all  ways  of  measuring  resistances  is,  however, 
with  a  set  of  standard  resistance  coils  and  the  important  instrument 
known  as  Wheatstone's  Bridge.  This  instrument  is  represented  by 
the  diagram  shown  in  Fig.  407.  The  circuit  of  a  constant  battery 
is  made  to  branch  at  P  into  two  parts  which  reunite  at  Q,  so  that 
part  of  the  current  flows  through  the  point  Jf,  the  other  through  the 
point  JV.  The  four  conductors.  A,  B,  Cand  2>,  are  called  the  arms 
of  the  bridge.  The  resistance  of  any  three  of  these  arms  being 
known,  that  of  the  remaining  one  may  be  calculated.  When  the 
current  that  starts  from  the  battery  arrives  at  P,  the  potential  will 
have  fallen  to  a  certain  value.  The  potential  of  the  current  in  the 
upper  branch  falls  again  to  Jf  and  continues  to  fall  to  Q.  The  po- 
tential of  the  lower  branch  falls  to  JTand  continues  to  fall  until,  at 
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Q,  it  is  of  the  same  valae  as  that  of  the  apper  braneh  at  the  same 
point.  If  the  ratio  of  the  resistance  of  (7  to  the  resistance  of  2>  is 
the  same  as  the  ratio  of  the  resistance  of  A  to  the  resistance  of  B, 
then  will  Jfaf  and  ^  be  at  equal  potentials.  If  a  sensitive  galvanom- 
eter, placed  in  the  branch  wire  between  Jf  and  N,  shows  no  deflec- 
tion, we  maj  know  that  M  and  Hf  are  at  equal  potentials  and  that 
the  resistances  of  the  four  arms  **  balance  "  bj  being  in  proportion, 
thus : 

A  \  C-B  :  D. 

For  example,  if  the  resistances,  A  and  G,  are  (as  indicated  in  Fig. 
406)  10  ohms  and  100  ohms  respectively  and  the  resistance  of  ^  is  15 
ohms,  and  the  galvanometer  at  G  shows  no  deflection,  the  resistance 
of  D  will  be  150  ohms. 


Fig.  408. 


It  is  usual  to  construct  Wheatstone's  bridges  with  some  resistance 
coils  in  the  arms.  A  and  (7,  as  well  as  with  a  complete  set  in  the 
arm,  B,  The  advantage  of  this  arrangement  is  that  by  adjusting  A 
and  0  we  determine  the  ratio  between  the  resistances  of  B  and  D, 
and  can,  in  certain  cases,  measure  to  fractions  of  an  ohm.  Fig.  408 
shows  a  more  complete  scheme,  in  which  resistances  of  10, 100  and 
1,000  ohms  are  included  in  the  arms,  A  and  0. 

¥'Jit  example,  suppose  that  we  have  a  wire,  the  resistance  of  which 
w^  know  to  be  between  46  and  47  ohms,  and  wish  to  measure  the 
Iraction  of  an  ohm.  Insert  the  wire  at  2>.  Make  the  resistance  of  A 
100  ohms  and  that  of  C 10  ohms.    In  this  case,  D  must  be  balanced 
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kj  a  resistance  iu  B^  10  timeB  a0  gpreat  as  tliat  of  D.  If,  on  trial, 
this  is  found  to  be  464  ohms,  we  know  that  the  resistance  of  2>  is 
(464  X  10  -*- 100  =)  46.4  ohms. 

In  practice,  the  bridge  is  not  made  in  the  diamond  shape  of  the 
diagrams.  The  resistance  box  shown  in  Fig.  405  is  a  complete 
bridge,  the  appropriate  connections  being  made  by  screws  at  varioas 
points.  In  using  the  bridge,  the  batterj  circuit  should  always  be 
made  by  depressing  the  key,  A;,  before  K^  the  key  of  the  galvanometer 
branch  is  depressed.  This  avoids  the  sudden  "  throw"  of  the  galva- 
nometer needle,  in  consequence  of  the  self-induction,  when  the  dr- 
cult  is  closed  (§  458). 

Yidey  Encyclopaedia  Britannica  (9th  edition),  vol.  viii,  pp.  48  to^ 

(3.)  Measuring  Internal  Resistance.— The  best  way  of 
determining  the  internal  resistance  of  a  voltaic  cell  is  to  join  two 
similar  cells  in  opposition  to  one  another,  so  that  they  send  no  cur* 
rent  pf  their  own.  Then  measure  their  united  resistance  (as  if  it 
were  the  resistance  of  a  wire)  as  just  described.  The  resistance  of 
one  cell  will  be  half  that  of  the  two. 

(4.)   Measuring   Electromotive   Forces. — The  nsnal 

method  of  measuring  E.  M.  F.  is  by  comparison  with  the  E.  M.  F. 
of  a  Daniell  cell  (=  1.079  volts). 

(a.)  Represent  the  E.  M.  F.  of  the  standard  cell  or  battery  by  B 
and  that  of  the  given  cell  or  battery  by  X  Join  cell  X.  with  the 
galvanometer  and  note  the  number  of  degrees  of  deflection  that  it 
produces  through  the  resistances  of  the  circuit.  Represent  this  de- 
flection by  a.  Then  add  enough  resistance,  i?,  to  bring  the  defleo- 
tion  down  to  6  degrees  {e.  g. ,  10  degrees  less  than  before).  Thea 
substitute  the  standard  for  the  given  battery  in  the  circuit  and  adjust 
the  resistances  of  the  circuit  until  the  galvanometer  shows  a  deflec- 
tion of  a  degrees,  as  at  first.  Add  enough  resistance,  r,  to  bring  the 
deflection  down  to  h  degrees  as  before.  Ef  R  and  r  being  known, 
X  may  be  found  from  the  proportion, 

riRiiExX, 

because  the  resistances  that  will  produce  an  eqnal  reduction  of  cop 
rent  will  be  proportional  to  the  electromotive  forces. 

(&.)  If  the  poles  of  a  standard  battery  are  joined  by  a  long,  thin 

wire,  the  potential  will  fall  imiformly  from  the  +  to  the  —  pole. 

Hence,  by  making  contacts  at  one  pole  and  at  a  point  any  desired 

distance  along  the  wire,  any  desired  proportional  part  of  the  whole 

cJectromotive  force  may  "be  taken.   TVA^  ^Toy^T^asMSiL  ^^wsN*  Tsasj  \» 
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iMdanoed  against  the  eleetroinotiYe  force  of  any  other  bstterj,  of 
QBed  to  eompare  the  difforence  between  the  electromotiye  forces  of 
two  different  cells. 

(e.)  A  galvanometer  haying  a  coil  resistance  of  several  thousand 
ohms  (in  comparison  with  which  the  internal  resistance  of  a  battery 
or  dynamo  is  insignificant)  may  be  used  to  measure  E.  M.  F.,  for,  by ' 
Ohm's  law,  the  strength  of  current  that  such  a  battery  or  dynamo 
can  send  through  it  will  depend  only  on  the  E.  M.  F.  (or  difference 
of  potential)  between  the  ends  of  the  ooiL  Such  a  galvanometer, 
properly  graduated,  is  called  a  wUmeUr  or  a  potential  galvanometer. 
It  may  be  used  to  determine  the  difference  of  potential  between  any 
twd>  points  of  a  circuit  by  placing  the  galvanometer  in  a  shunt  circuit 
between  those  two  points. 

(d.)  The  following  method  was  devised  by  Dr.  C.  F.  Brush  for 
determining  the  difference  of  potential  betweeu  the  terminals  of  a 
standard  Brush  arc  lamp :  A  battery  of  48  small  Daniell  cells  had  its 
+  electrode  connected  to  the  +  terminal  of  the  lamp  (which  was  in 
the  dynamo  circuit)  and  its  —  electrode  connected  to  the  —  terminal 
of  the  lamp,  a  very  sensitive  galvanometer  being  placed  in  the  bat- 
tery circuit  which  was  thus  completed  through  the  lamp.  It  is  evi- 
diBBX  that  if  the  difference  of  potential  between  the  ends  of  the  bat- 
tery is  greater  than  that  between  the  terminals  of  the  lamp,  the 
current  will  circulate  in  its  normal  direction  through  the  battery 
and  will  be  indicated  by  the  galvanometer;  but  if  this  potential  is 
less  than  that  of  the  lamp,  the  current  will  flow  through  the  battery 
but  in  a  reverse  direction  and  will  be  so  indicated  by  the  galvanom* 
eter ;  while,  if  the  difference  of  potential  is  the  same  in  both,  no 
current  will  pass  in  either  direction  thro^..gh  the  battery  and  ihs 
gdhanometer  will  show  no  deflection. 

The  EL  M.  F.  of  the  battery  exceeding  the  difference  of  potential 
between  the  terminals  of  the  lamp,  cells  were  gradually  removed 
until  the  galvanometer  indicated  no  current  or  currents  fluctuating 
from  zero  equally  in  both  directions.  The  large  number  of  observa- 
tions made  sufficiently  eliminated  the  error  due  to  the  fact  that  no 
fraction  of  a  single  cell  of  the  battery  could  be  used  in  the  experi- 
ments. This  method  of  measuring  the  difference  of  potential  be- 
tween the  terminals  of  the  lamp  proved  to  be  extremely  satisfactory 
itiid  certain  in  its  operation,  the  addition  or  subtraction  of  a  single 
eell  of  battery  being  sufficient  to  deflect  the  galvanometer  needle 
strongly  to  the  right  or  left.  By  finding  the  average  result  of  all 
the  observations,  it  was  found  that  the  difference  of  potential  be- 
tween the  terminals  of  the  amrage  lamp  was  equal  to  that  of  42M 
eeUt  of  the  hatteiy,  or  45.8  volts. 
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The  resktonce  of  the  Ituup  being  mettsored  w&s  fonod  to  be  4Gt 
ohms.  Theiefoie,  the  cunent  paeeiog  in  the  dfaamo  dicnit  wia 
(45.8  +  436  =)  10.04  Brnperee. 

(S.)  Measuring  Capacity.— The  apacitj  of  a  condenser  is 
geDendl^  raeBsured  by  oompariug  it  with  the  capacity  of  a  standaid 
eondenser.  Fig.  400  tepreaente  a  \  mit 
fand  condenser.  The  two  brass  pieces 
apon  the  ebonite  top  are  connected  respect- 
ively  with  the  two  Beries  of  alternate  sheets  ' 
of  tin-foil.  The  ping  between  them  serves 
to  keep  the  condenser  discharged  when  not  I 

(a.)  Charge  the  given  condenser  to  a  » 
tl^n  potential  aad  make  it  share  its  charge 
with  a  condenser  of  known  capacity. 
Heasnre  the  potential  W  which  the  charge  wnks.  Caleolate  the 
original  capacity,  which  will  bear  the  same  ratio  to  the  total  capacity 
of  the  two  condensers  that  the  final  potential  bears  to  the  original 
potential.     See  §§  880  and  350. 

(A.)  Charge  the  two  condensers  Bimoltaneoiisly  from  one  pole  of 
the  same  battery,  interposing  high  resistances  in  each  branch  and 
adjusted  so  that  the  potential  rises  at  an  eqnal  rate  in  both  ;  then 
the  capacities  are  Inversely  proportional  to  the  resietanceH  thioagh 
which  they  are  respectiyely  being  charged. 

(e.)  The  following  method  requires  no  eondenser ;  Allow  the 
given  condenser  to  discharge  itself  slowly  throogh  a  wire  of  very 
high  resistance.  The  time  taken  for  the  potential  to  fall  to  any 
given  fraction  of  its  original  vatde  is  proportional  to  the  reaiatanoe, 
to  the  capacity,  and  to  Uie  logarithm  of  the  given  fraction. 

{d.)  The  capacity  of  a  condenser,  like  that  of  a  simple  conductor, 
is  measured  by  the  qnantity  of  electricity  required  to  produce  unit 
rise  of  potential. 

APPENDIX     N. 

Field  of  Force — "A  field  of  force  is  a  region  such  that  a 
particle  constitnting  a  part  of  a  mntually  Interacting  system,  placed 
at  any  point  in  the  region,  will  be  acted  on  by  a  force,  and  will  move, 
if  free  to  do  bo,  in  the  direction  of  the  force.  The  particle  so  mov- 
ing would,  if  it  had  no  inertia,  describe  what  is  called  a  line  of 
force,  the  tangent  to  which,  at  any  point,  is  the  direction  of  the 
force  at  that  point.  The  strength  of  the  field  at  a  point  is  measoied 
by  the  force  developed  bj  lui^X  q;<uxA\^i  «X  'AiaX  v^Ail^  and  Is  «x- 
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prawIMe,  in  tenns  of  lines  of  force,  b j  tlie  oonyention  tliat  eaoli  line 
lepnoentB  a  unit  of  force  and  that  the  force  acting  on  unit  qoantit j 
St  any  point  yariee  as  the  number  of  lines  of  force  which  pass  per- 
pendicalarlj  through  unit  area  at  that  point.  Each  line,  therefore, 
represents  the  direction  of  the  force  and  the  number  of  lines  in  unit 
trea,  the  strength  of  field.  An  assemblage  of  such  lines  of  force, 
eooaidfired  with  reference  to  their  bounding-surface,  is  called  a  tube 
of  fqjreB."— ^nl&on|f  and  Brackett, 

APPENDIX     0. 

Telephone. — (See  §  606.)  The  theory  that  the  diaphragm 
Lying  telephone  is  made  to  vibrate  to  and  fro  by  the  vary- 
ing inlenflity  of  the  magnetic  attraction  of  the  iron  core  has  lately 
been  questioned.  Many  experiments  go  to  show  that  the  variations 
in  the  magnetic  intensity  of  the  iron  core  are  too  feeble  to  produce 
such  mechanical  effects.  It  also  appears  that  paper  and  other  sub- 
stances may  replace  the  iron  of  the  diaphragm  in  the  recevoing  tele- 
phone, without  destroying  the  sounds,  and  that  the  diaphragm  may 
even  be  removed  and  the  sounds  still  produced  and  transmitted  to 
the  ear.  These  facts  are  believed  to  show  that  the  reproduced  sound 
is  due  to  maoemerUs  of  the  moleetUes  of  the  iron  core,  such  molecular 
motions  being  due  to  the  electric  currents  from  the  "  transmitter  "  (or 
telephone  spoken  to),  and  that  the  diaphragm  is  valuable  for  the 
purposes  of  strengthening  the  sound  (§  510)  and  transmitting  it  to 
the  ear  of  the  listener.  The  scientific  i>aper,  Nature,  says  that  care- 
ful investigation  leads  to  the  conclusion  that,  at  the  sending  station, 
the  evidence  of  molecular  action,  though  suggestive,  is  by  no  means 
conclusive,  whereas,  at  the  receiving  station,  the  existence  of  mole- 
cular as  well  as  mechanical  action  amounts  to  demonstration  and  is 
shown  to  be  considerable  in  amount. 

"  The  infinite  varieties  of  sound  are  due  to  the  subtile  capacity  for 
complex  motion  possessed  by  air  particles.  If  we  could  see  the  dance 
of  the  air  particles  when  music  is  executed,  it  would  be  a  picture  of 
mathematical  exactness  and  infinite  complication  that  has  no  analogy 
in  anything  we  observe.  It  has  always  been  regarded  as  one  of  the 
mysterious  miracles  of  vital  structure  that  the  drum  of  the  human 
ear  can  take  up  so  perfectly  this  rapid  stream  of  intricate  motions  in 
the  air,  thousands  of  tympanums  being  affected  alike,  while  the 
nerves  transmit  the  thrills  to  the  brain,  awakening  the  same  musical 
sensations  in  the  consciousness  of  as  many  persons  as  can  be  brought 
within  hearing.  The  chain  of  effects  is  wonderful  indeed,  but  the 
diaphragm  of  the  telephone  is  as  sensitive  as  the  living  tympanum 
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to  klltbedelieaite  refinements  of  donnd.    Let  a  word  be  pronoiuicel  1 
for  »  person  to  repeat ;  the  telephone  will  hear  ftnd  speak  it  a  hun- 
dred miles  avay  In  a  tenth  part  of  the  time  that  the  listener  waaM 
need  to  utter  it." 

APPENDIX    P. 

The  Phonograph.— <See  %  SOS.)    The  appearance  of  this 
Instmroent  is  shown  in  the  accompanying  cat,  In  which  F  represents 


Pig.  410. 


the  mouthpiece ;  C,  the  cylinder  covered  with  tin-foil :  E,  the  axis 
with  a  thread  working  in  A,  one  of  the  two  supports.  The  month- 
piece,  with  its  diaphragm  and  style,  may  be  moved  toward  the 
cylinder  or  from  it,  by  means  of  the  supporting  lever,  HO,  which 
turns  in  a  horizontal  plane  about  the  pin,  I, 


APPENDIX     a 

The  Sonometer.— (Bee  §  619.)  The  sonometer  bo*  maybe 
made  by  any  carpenter.  It  ie  about  fifty -nine  inches  long,  4f  inched 
wide  and  4J  inches  deep.  The  ends  are  made  of  inch  oak  boards, 
the  sides  of  i)-  inch  oak  boards,  andtbetopof  ^  inch  pine  board.  The 
top  sbonld  be  glaed  on  ;  no  bottom  is  needed ;  the  box  may  sit 
directly  on  the  table.  Three  or  fonr  one-inch  holes  may  well  be 
bored  in  each  side-piece.  The  two  bridges,  shown  at  A  and  B  (Kg. 
268),  should  be  of  very  hard  wood  and  glued  to  the  cover  just  47J 
inches  (120  centimeters)  apart,  measnred  from  centre  to  centre.  The 
strings  may  be  such  as  are  used  on  bass-viols ;  they  should  be  alike 
Two  similar  pieces  of  piano- forte  wire  (large  sise)  may  be  used.  The 
strings  nuiy  be  stretched  bj  wevglila  aa  ebown  In  the  figure  or  by 
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two  inano  istring  pegs  tnmed  with  a  wrench  or  a  piano  toner's  key. 
Hie  fiiTnlliar  screw  arrangement  of  the  bass-yiol  may  be  used  for  the 
purpose.  If  piano  wires  are  used  for  strings,  the  ends  must  he 
annealed  hj  heating  them  red  hot  and  cooling  them  slowly,  so  that 
they  may  remain  fixed  when  wound  around  their  fastenings.  Lines 
should  be  drawn  across  the  top  of  the  box,  exactly  dividing  the  dis- 
tance between  the  middle  of  the  bridges  (at  which  points  the  strings 
are  supported)  into  halves,  thirds  and  quarters.  Provide  a  block 
of  wood,  about  two  inches  wide,  4^  inches  long  and  just  thick 
enough  to  slip  between  the  strings  and  the  top  of  the  box.  (See  Fig. 
279.) 

APPENDIX   R 

Differential  Thermometer. — (See  §  647.)  Prepare  two 
boards,  each  5x7  inches  and  an  inch  thick.  Place  them  upon  end 
parallel  to  each  other,  7  inches  apart.  Ck)nnect  the  boards  by 
nailing  to  their  tops  two  thin  strips,  each  an  inch  wide  and  9  inches 
long.  The  strips  will  be  3  inches  apart.  This  is  our  stand.  For 
the  two  bulbs,  use  two  tin  oyster  cans  with  flat  sides.  To  the  centre 
of  one  end  of  each,  solder  a  tin  tube,  1}  inches  long  and  f  of  an 
inch  in  diameter.  Take  a  30-inch  piece  of  glass  tubing  that  will 
slide  easily  within  the  tin  tubes.  Bend  it  at  right  angles,  12  inches 
from  each  end,  like  the  tube  shown  in  Fig.  289.  Color  a  little 
alcohol  with  red  aniline,  and  pour  into  the  bent  tube  enough  to  fill 
an  inch  or  two  above  each  bend.  Over  each  arm  of  the  bent  tube, 
pass  an  inch  of  snugly-fitting  rubber-tubing  and  slide  it  down 
about  8  inches.  Pass  the  arms  of  the  glass  tube  up  through  the 
tin  tubes  of  the  inverted  cans  as  far  as  they  will  go.  Slide  the 
rubber-tubing  upward  to  make  air-tight  joints  between  the  glass 
and  the  tin  tubes.  Place  the  cans  upon  the  horizontal  strips  of  the 
frame  already  made,  allowing  the  glass  tube  to  hang  between  the 
boards.  The  level  of  the  liquid  in  either  arm  may  be  marked  by  a 
thread  or  rubber  band  that  may  be  moved  up  or  down. 

APPElSnDIX  s. 

Cut-off  £n^nes. — With  a  plain  sliding  valve,  like  that 
described  in  §  637,  the  steam  pressure  is  evidently  the  same  at  the 
end  as  at  the  beginning  of  the  stroke  of  the  piston.  But  the  greatest 
economy  of  operation  is  attained  when  the  steam  is  so  used  that, 
when  the  piston  has  reached  the  end  of  its  stroke  and  the  exhaust 
valve  is  opened,  the  steam  pressure  is  but  little  if  any  above  that  of 
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the  atmosphere.  To  gecnre  this  economy,  the  Cut-off  EBgine  has 
been  deyised.  Here,  the  steam  is  not  admitted  to  the  cylinder  during 
the  fall  travel  of  the  piston,  but  is  cut  off  at  an  earlier  or  later 
point  of  the  stroke,  the  steam  already  admitted  expanding  with 
decreasing  pressure  to  the  end  of  the  stroke.  The  engine  may  be 
built  so  as  to  cut  off  at  a  certain  fraction  of  the  stroke,  as  three- 
fourths,  obtaining  the  benefit  of  the  expansion  of  the  steam  for  th« 
remaining  one-fourth.    This  arrangement  is  called  a  fixed  cut-off. 

But  in  many  cases,  the  power  required  is  frequently  vaiying  with 
the  nature  of  the  work,  and  the  point  of  cut-off  best  adapted  to  one 
load  is  unfitted  to  another.  Hence,  the  desirability  of  being  able  t^ 
shift  the  point  of  cut-off  to  an  earlier  or  later  part  of  the  stnJt^ 
Many  devices  have  been  brought  forth  to  secure  this  object.  If ^the 
shifting  be  done  by  hand,  the  arrangement  is  called  an  ad^VoMie 
cvi-off;  if  it  be  done  by  the  governor,  the  arrangement  is  ci^ed  an 
atttomatic  etU-off, 

APPENDIX    T. 

Telescopes.— (See  §§  731  and  732.)  In  estimating  the  efficiency 
of  a  telescopy,  the  iUumincUing  power  must  be  considered  as  well 
as  the  magnifying  power.  The  brilliancy  of  the  image  depends 
largely  upon  the  diameter  of  the  object-glass  or  reflector.  It  is 
evident  that  of  two  telescopes  having  equal  magnifying  power,  the 
one  that  has  the  larger  "  aperture  "  will  receive  and  transmit  niidxe 
luminous  rays  and,  hence,  cause  the  image  to  be  better  IllTimiiiaiiwf 
and  more  distinct.  The  larger  telescopes  are  provided  with  a  "  fiiM^ 
er,"  which  is  a  small  telescope  having  a  large  field  and  mouniilS 
parallel  with  the  large  tube,  so  that  an  object  seen  in  the  center'^ 
the  field  of  the  finder  will  also  appear  in  the  field  of  the  larger  &- 
strument.  For  following  a  celestial  object  more  conveniently, 
scopes  are  often  given  an  equatorial  mounting.  This  consists,  in' 
first  place,  of  an  axis  pointing  to  the  true  pole.  This  polar  i 
carries  a  second  axis  set  at  right  angles  to  it.  One  end  of 
second  axis  carries  the  telescope,  and  the  other  end  a  counterpoim. 
The  polar  axis  is  revolved,  by  the  hand  or  by  clock-work,  in  a' di- 
rection opposite  to  the  rotation  of  the  earth  and  gives  movement  in 
**  right  ascension."  The  second  axis  serves  to  elevate  or  lower  the 
telescope  to  any  point  above  or  below  the  celestial  equator,  giving 
movement  in  "declination."  For  more  accurate  observation,  the  two 
axes  are  provided  with  circles,  divided  into  degrees  and  minutes, 
and  furnished  with  vernier  and  reading  microscopes,  by  means  of 
which,  the  exact  position  ot  a  cie\ei&\l\A\  ^\«^  ^  ^  ^^^ran  tune  may  be 
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ietaRBined,  or  the  telescope  directed  to  a  celestial  object  with 
certainty,  the  correct  siderial  time  being  known,  and  the  i>osition 
of  the  object  ascertained  from  astronomical  tables. 

For  several  decades  prior  to  the  invention  of  the  achromatic  lens 
(17S8),  the  reflecting  telescope  was  in  great  favor.  Subsequent  im- 
provements in  refractors  placed  them  in  the  front  rank ,  where  the j 
stiU  remun.  But  the  freedom  of  the  reflector  from  spherical  and 
ehrcmiatic  aberration,  the  comfortable  position  of  the  observer  even 
when  the  instrument  is  pointed  toward  the  zenith,  and  the  greatly 
less  cost,  are  advantages  which  justly  cause  many  to  appreciate 
highly  this  class  of  telescopes.  For  them  it  is  claimed  that  their 
ligly(rgrasping  powers  are  equal  to  that  of  achromatics  one-sixth  less 
in  cdameter,  while  as  regards  their  dividing  power  (t. «.,  their  power 
of  separating  double  stars)  they  are  superior  to  achromatic  objectives 
of  the  same  aperture.  Fig.  382  exhibits  the  Newtonian  arrange- 
ment. In  the  Herschelian  (of  which  the  Rosse  reflector  is  an  ex- 
ample), the  eye-piece  is  at  the  open  end  of  the  tube,  the  head  of  the 
observer  cutting  off  some  of  the  rays  from  the  mirror  at  the  other 
end. 


Fig.  411. 
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Polariscopes.— (See  §  745.)    Fig.  411  represents  a  simple  and 
yet  accurate  instrument  for  the  investigation  or  demonstration  of 
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the  lawB  of  polariied  light  The  ground  glass  screen  at  A  shuts  off 
images  of  distant  objects ;  when  desired,  it  may  be  removed  for  pio- 
jections  with  sunlight.  The  polarizing  mirror  of  blackened  glass  u 
horiiontal  at  M,  and  the  Niool  prism  analyser  is  at  C,  mounted  in 
smoothly  rotating  fittings  and  provided  with  an  index  and  a  gradu- 
ated circle  for  reading  angles.  The  rotating  stage,  6,  has  spring  clipB 
for  holding  thin  films,  is  graduated  on  its  edge,  and  may  be  fitted 
with  a  condensing  lens  of  proper  focus  to  bring  the  full  beam  to  the 
eye  at  C.  The  sliding  stage,  88,  is  for  crystals,  and  has  spring  clips  for 
holding  objects,  and  a  condensing  lens  mounted  in  rotating  fittings. 
This  condenser  may  be  replaced  by  a  magnifying  lens  for  projecting 
the  images  of  films  at  8,  the  focussing  being  done  by  sliding  S8  up 
or  down  its  bar,  £!,  which  is  set  at  the  polarising  angle  with  the  base. 


NUMBERS  REFER  TO  PARAGRAPHS,  UNLESS  OTHBRWISB 

INDICATED. 


Aberration,  Chromatic,  7x1. 

"         Spherical,  698.  [398. 

Abreast  method  of  joining  voltaic  cells, 
Absolute  electric  units,  320. 

"       magnetic   "    450, 4Si. 

••       pitch  of  sound,  523. 

"       units,  68,  154,  450,  451. 

"       zero  of  temperature,  558. 
A-bsorption  and  radiation  of  heat  and 
light,  721,  722 ;  Absorption  of  heat,  6x8. 
Accordeon,  535  (a). 
Achromatic  lens,  7x2, 
Acoustic  tubes,  495. 
Actinic  rays,  719. 
Adhesion  defined,  46. 
Aerial  ocean,  271. 
Aeriform  body  defined,  57,  6x. 
Aether,  608. 
Affinity,  Chemical,  633. 
Air-chamber,  297. 
Air-pump,  288-293. 
Air,  Weight  of,  272, 
Alphabet,  Morse's,  445, 
Amalgam,  302  (a). 
Amalgamating  battery  zincs,  388. 
American  wire  gauge,  App.  I, 
Ampere,  385. 
Ampere-volt,  475. 

Amplitude  ofvibration,  140,  481,  493. 
Analysis  of  light,  700-703. 

**  sounds,  Exp.  x6,  p.  404 ;  529. 

Analyzer  of  polariscope,  737  (a). 
Aneroid  barometer,  280. 
Angle  of  incidence,  97. 
Anion,  ^ix. 
Annunciators,  444.  ', 


Anode,  41  x. 

Apparent  direction  of  boiUes,  659. 

Archimedes'  principle,  338-439. 

Arc  lamps,  467. 

Armatures  for  magnets,  424,  449,  464. 

Arrangement  of  voltaic  cells.  Best,  4« 

Artificial  magnet,  3x0,  424. 

Ascending  bodies,  X3a. 

Astatic  galvanometer,  4x8. 

**      needle,  439  (a). 
Astronomical  telescope,  731, 73a. 
Athermanous,  617. 
Atlantic  cable,  359,  360. 
Atmospheric  electricity,  365-370. 

"  pressure,  273,  975, 977. 

Atom  defined,  6. 
Attraction,  Capillary,  335. 

**  Electric,  303, 321  («), 

Forms  of,  7. 
Magnetic,  437-449. 

AttWOOd,  X33. 

Aurora  borealis,  370. 
Auslralis,  The  Aurora,  370. 


Balance,  175. 

**       False,  X76. 
Balloons,  App.  G. 
Barker's  mill,  364,  App.  F. 
Bar  magnet,  434. 
Barometer,  374,  378-380. 
Baroscope,  38x. 
Battery,  Best  arrangemement  of,  40*1 

Brush,  415  (d). 

Faure,  4x5  (a). 

Galvanic.    (See  Voltaic.) 

Intensity,  400  {ff). 
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Bfttterj,  Leyden,  358. 

"      of  hig^h  resistance,  399. 

**      of  low  resistance,  400. 

"       Quantity,  400  (Jf). 

**      Requi^dtes  of  a  good,  401. 

*'       Secondary,  4x5. 

•*       Voltaic,  398-409. 

**      zincs,  Amalgamating,  388. 
Beam  of  light,  648. 
Beats,  516,  517 
Beaume's  kydrometer,  353. 
Bell,  Electric,  447. 
Bellows,  Hydrostatic,  aaa. 
Bent  levers,  173. 

Best  arrangement  of  voltaic  cells,  40a. 
Bi-chromate  of  potassium  cell  or  bat- 
tery, 392. 
Blot's  hemispheres,  Exp.  a8,  p.  ai3. 
Birmingham  wire  gauge  (B.  W.G.)  Api  L 
Blake  transmitter,  507. 
Blind  spot  of  eye,  734. 
Boiling-point,  544,  566-575. 
Borealis,  The  Aurora,  370. 
Bramah^s  press,  333. 
Breast  wheel,  362. 
Brittleness  defined,  49. 
Broken  magnets,  430b 
Brown  &  Sharpe  wire  ST^^uge,  App.  I. 
Brush  battery,  415  (^). 
**     dynamo,  465. 
**     Uunps,  467. 
Bunsen^s  air-pump,  391. 

*'  cell  or  battery,  397. 
Burglar  alarms.  Electric,  444. 
B.  W.  G.,  App.  I. 


Callaud  cell  or  battery,  395. 
Calorie,  471,  579- 
Calorescence,  718  (a). 
Calorific  powers,  634. 
Calorimeter,  596  (a). 
Camera  obscura,  650. 

"       The  photographer's,  733. 
Candle,  Standard,  Ex.  5,  p.  482. 
Capacity,  Dielectric,  353  (^). 
Electric,  330. 

**    How  measured,  App. 

M(5). 
Capillary  attraction,  335. 

**        phenomena,  336. 
CatheiaX  pHsm,  686  (c). 
Cathion,  4x1. 
C9lthodtt  4ZZ. 
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Cdla,  Voltaic,  Best  arrangement  of^^ 

"         '*       Varieties,  390-997. 
Centrifugal  force,  74,  77. 
C.  G.  S.  units,  69,  Z54, 450,  451. 
Changes,  Chemical,  iz. 

of  condition  of  matter,  59. 

Physical,  zo. 
Characteristic  properties,  19,  3z. 
Characteristics  of  magnets,  438. 
Charge,  Residual,  356;  App.  J. 
Charging  with  electricity  by  conduo* 

tion,  331. 
Charging  with  electricity  by  contact. 

Charging  with  electricity  by  induction, 

33»-335. 
Chemical  afiSnity,  633. 
**        changes,  xx. 
"        effects    of    electric    current 
4x0. 
properties,  15. 
unitof  matter,  d 
Chromatic  aberration,  7x1 
Chromatics,  699. 
Circuit,  Electric,  305. 
Clarionet,  535  (a),  536. 
Clouds,  Electrified,  365-368. 
Coercive  force,  435. 
Cohesion  defined,  46. 
Coils,  Induction,  457-46(x 
**     Pnmary,  457, 
*'    Resistance,  App.  M  (x)l 
**    Ruhmkorff,  459. 
**    Secondary,  457. 
Cohicident  waves,  5xx. 
Color  blindness,  735. 
*^    of  bodies,  705. 
Colors,  by  polarized  light,  745  («). 
Complementary,  705  (f). 
of  the  sky,  705  if). 
Prismatic,  700. 
Combs,  344. 
Commercial  efficiency  of  dynamo.  Bx 

4,  p.  366. 
Communicating  vessels,  334. 
Commutator,  459  (1/),  465. 
Compass,  309,  439  (a). 
Compensating  pendulum,  149. 
Complementary  colors,  705  (^ 
Compodtion  of  forces,  80, 88. 

''  *«  white  light,  704. 

Compound  machines,  3xx. 
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I,  dSj,  691,  697. 
Coodenamtion  of  electricity,  350. 
Condensers,  39a,  351,  360 ;  App.  H  *5). 
Conditions  of  matter,  53. 

"  »♦     ♦♦       Changes  of,  «o. 

Conduction  of  electricity,  334. 

"  heal,  603. 
Conductive  xlischarge,  364. 
C<nidttctors  of  electricity,  334, 476. 
Conjugate  foci,  503,  667,  690,  691. 
Consenration  of  eneigy,  749.  4693. 

Construction  for  images,  663,  G70.  673, 
Continuous  sounds,  490U 
Qmvection  of  heat,  606. 
Comrective  dischaxge,  363. 
Convertibility  of  eneigy,  159,  470-  475, 

58xt  58at  74^. 
Convex  lens,  687-690,  693-696. 
Copper  plating,  Bzp.  78,  p.  385- 

**      voltameter,  Exp.  78,  p.  389 

•*      wire,  App.  I. 
Correlaticm  of  eneigy,  637, 750. 
Coulomb,  387. 
Coulomb's  law,  319  (3). 
Critical  angle,  683. 
Crooke^s  tubes,  Exp.  71,  p.  950. 
Current,  Electric,  314,  374,  377,  4*5  -418, 

456-465,  468,  469-476. 
Current,  Electric,  Effects  of,  405-418. 

"  "        Unit  of,  385. 

**        electricity,  306,  374,  377. 

•*        Extra,  458. 
Curves,  Magnetic,  433. 
Cut-off  engines  (steam),  App.  S. 
Cydoidal  pendulum,  X44. 

D 

Dtniell^s  cell  or  battery,  394. 

Dark  Foci,  790. 

Declination,  Magnetic,  441. 

Deflection  of  magnetic  needle,  4x7. 

Delany's  telegraph,  446. 

Density,  Electric,  343. 

Diamag^etic  substances,  431. 

Diathermancy,  6x7. 

Dichromate  of  potassium  cell  or  bat^ 

tery,  393. 
Dielectric  capacity,  353. 

**        machine,  346,  347. 
Dielectrics,  353,  App.  J. 
Differences  of  potential,  338,  339. 
Differential  galvanometer,  App.  L  (4). 

**         thermometer,  547,  App.  R. 


Diffraction,  7x4. 
Diffused  light,  657. 
Diffusion  of  heat,  603. 
Dip,  Magnetic,  440. 
Dipping  needle,  439,  440. 
Direction,  Line  of,  65,  214. 

**        of  bodies.  Apparent,  659. 
Discharge,  Modes  of  electric,  361-364. 
Discharger  for   electricity,   355,   358 

Exp.  56,  p.  344. 
Di^)er8ion  of  light,  701. 
Disruptive  discharge,  363. 
Dissipation  of  energy,  747. 
Distance,  How  estimated,  736. 
Distilfaition,  576-578. 
Distribution  of  electricity,  343. 
**  "  magnetism,  436. 

Divided  electric  circuits,  404. 
Divisibility  defined,  4X. 
Divisions  of  matter,  3. 
Double  refraction,  743. 
"      weighing,  177. 
Downward  pressure,  335,  336. 
Ductility  defined,  51. 
Duplex  telegraph,  446. 
Duration  of  electric  sparic,  368L 
Duty  of  dynamo,  Ex.  3,  p.  366. 
Dynamics  defined,  63. 
Dynamo  electric  machine,  465. 
Dynamos,  465. 

Commercial    efficienc)     o1^ 
Ex.  4,  p.  366. 

Duty  of,  Ex.  3,  p.  366. 
Dyne  defined,  69. 

B 

Ear,  Range  of,  5x7. 

Earth  a  magnet,  437. 

Ebullition,  566-575. 

Eccentric,  638. 

Echo,  504. 

Edison's  electric  lamp,  466  (a). 

"  "      meter,  41X  (^). 

Effects  of  electricity,  405-418,  470-476. 
Efficiency    of   dynamo.   Commercial 

Ex.  4,  p.  366. 
Efficiency  of  steam  engine,  641  (aX 
Egg-shell  conductor,  333  (^. 
EUisticity,  45. 
Electric  action.  Law  of,  3x9. 

"       attraction,  303,  331  (a). 

••      battery,  358. 

»'      bell,  447. 
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dactric  bomb,  Exp.  53*  P-  «^3. 
^^      brush,  36a ;  Exp.  35.  P-  »3> 

••       capacity,  33«>«      , 

^  **        Unit  of,  359* 

»»  charge,  3»4f  34«* 

••  chime,  Exp.  41.  P-  «^ 

•*  circuit,  305,  37  7» 

•»  condensers,  35»» 

«  conductors,  324*  476- 

•*  current,  3x4,  374,  377,  405-4x8, 
456-465,468,469-476. 

density,  343« 
discharge,  361-364. 
effects,  4o5-4«8,  470^76. 
glow,  362 ;  Exp.  35.  P-  »33. 
induction,  33a-335- 
Wte,  Exp.  45,  P«  »4x. 
lamps,  466,  467. 
light,  465  467- 

machines,  343-349,  465» 

manitesUtions,  3x4. 

measurements,  App.  M. 

motors,  465  (^),  473- 
orrery,  Exp.  49,  P-  '^' 
pendulum,  304,  3^3  («)• 
portrait,  Exp.  57,  P- 344- 

potential,  326-330,  384. 
quantity,  38*7. 
repulsion,  304,  321  V^)- 
resistance,  379,  APP-  ^'  ^P^' 

M(i-3).  ,    ^ 

resistance,  Unit  of,  380. 

separation,  316,  332» 

series,  318. 

shoclc,  409.  ,f^ 

spark.  362 ;  Exp.  35,  p.  a33;  460. 

swing,  Exp.  43,  P-  ***• 
telegraph,  444-446- 
tension,  326. 
testing,  App.  M  (i). 
transmission  of  power,  474- 

trembler,  447" 
"    .  units,  320,  321,  329>  330,  359. 
♦»       whirl,  Exp.  48,  P-  241- 
Electricity  and  energy,  34°,  37^,  37«n 
470-47 5» 
and  heat,  470-472,  47«'- 
Atmospheric,  365-370. 
Condensation  of,  350- 
Condensers  of,  351. 
Conductors  of,  324- 
Current,  306,  314,  374,  377. 
•*        Unit  of,  385. 
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Frictional,  30a- yH,  3X4-37* 
•*  Laws  of,  3x9. 

Galvaoic,  see  voltaic 
u  Induced,  311,  374.  4^^69. 

••         Nature  of,  3x3* 
M         Static,  sec  firicdonal. 
••         Teste  for,  saa. 
•*        Theory  of,  337* 
••         Tbcnno-,  %ru  374. 4x9-4«' 
••         Two  kinds  of,  3*5. 3X7« 
••         Voltaic,  305.  306.  373^ 

Electrics,  325. 
Electrodes,  378,  4xx. 
Electrolysis,  4x0-4x5- 
Electrolyte,  4x0. 
Elcctrophorus,  33^340» 
Electro-chemical  series,  413. 

•*       gilding,  4xa- 

magnet,  307,  44a-449- 
magnetic  engines,  473- 
♦*        units,  330,  4SX' 

meUUurgy, 4xa-   „  _.  - 
motive  force,  see  B.  M..  r 

negative,  4x3- 
plating,  4xa. 
positive,  4x3, 
Electro-static  distribution,  34a- 

ik  "    induction,  338-335, APP- J. 

ii  "    units,  320,  321,  329,  330. 

Electrotyping,  4x2- 

Electroscope,  323, 338  (^) ;  Ex.  ii,p.  2^ 

E  M.  F.  (electromotive  force),  3»7,3»* 

e'  M.  F.,  How  measured,  App.  M  (4). 

E.  M*.  F.' of  battery,  399  («)'  4oo  ^'')- 

e!  M.  F.  of  polarization,  4J4. 

E.  M.  F.,  Relation  to  conductors.  476. 

E.  M.  F.,  Unit  of,  382. 

Endless  screw,  210. 

Energy  a  constant  quantity,  xto. 

and    electricity,  340,  372,  376 

470-475- 
and  magnetism,  455- 
Conservation  ot,  749. 
ConvertibUity  of,  159,  4To-4»« 

581,  582,  746- 
Correlation  of,  637,  7SO» 

defined,  i5x- 
Dissipation  of,  747* 
Formulas  for  kinetic,  x57- 
Indesti^ctibllity  of,  i6a. 

Solar,  746- 
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Bneisy.  Types  of,  158. 

"        Varieties  of,  748. 
Sngine,  Tbe  steam,  635-649. 
English  measures,  83. 
Equator,  Magnetic,  496. 
Bquilibnuit,  86. 

Equilibrium,  110-1x3 ;  of  liquids,  333. 
Eqnipotential  surfiu^e,  399  («). 
Srsf  de6ned,  154. 
Ether,  608. 

STapoimtion,  564, 565. 
ExpanaiMlity  defined,  44. 
Expansion  by  heal,  548^57* 
Extension  d^ned,  aa. 
Extra  current,  458. 
B]re,  The  human,  734P-7S7. 


Fahrenlidt*s  hydrometer,  asx. 

'»  thermometer,  545. 

Falling  bodies,  1x9. 

"  *•       Laws  ot,  laQ. 

Fan  of  electric  potential,  384. 
False  balance,  176. 
Farad,  359. 
Faraday's  bag,  Exp.  30,  p.  3x3. 

••  cage,  341  (^). 

Farsightedness,  737. 
Faure  battery,  4x5  (</). 
Field,  Magnetic,  433. 

•*     <tf  force,  App.  N. 
Fife,  536. 

Fire  alarms.  Electric,  444. 
Floating  bodies,  340. 
Flow  of  liquids,  354-359. 
Fluid  defined,  60,  6x. 

*^     displaced  by  immersed  solid,  337. 
Fluorescence,  7x9. 
Flute,  536. 
Fty-wheel,  639. 
Focus,  Dark,  730. 

•*     of  heat,  630,  65»x. 

•♦      •'  Ught,  664,  666-668,  689-691. 

"      "  sound,  501. 
Foot-pound  defined,  153. 
Foot-pound-second  unit,  68. 
Force,  Absolute  unit  of,  68. 

**      Centrifugal,  74,  77. 

"      C.  G.  S.,  unit  of,  69. 

*•      Constant,  xxS. 

**      defined,  64. 

**      Elements  of  a,  65. 

•*      Field  o^  App.  N. 
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Force,  F.  P.  S.  unit  of,  68. 
*«      Gravity  unit  of,  67. 
*'      Kinetic  unit  of.  68. 
**      Measurement  of,  66i 
^      of  gravity  resolved,  999. 
**      pump,  397. 
•*      Tube  of,  App.  N. 
Forces,  Composition  o^  80. 

**      Graphic  representation  of^  8x. 
**      Moments  of,  X7x. 
**      Parall(^^nun  of.  83. 
*'      Parallelopiped  of,  90. 
Polygon  of,  89. 
Resolution  of,  9X. 
•'      Triangle  of,  87. 
Forms  of  attraction,  7. 

*•      *•  motion,  8. 
Formulas,  Mathematical,  A(^  A. 
F.  P.  S.  unit  of  force,  68. 
Fraunhofer's  lines,  703. 
Freezing  mixtures,  586. 

"        point,  543. 
Friction,  313-314. 

**        develops  heat,  639. 
Frictional  electricity,  303-304, 3x4-370. 
Fuel,  641  (a). 

Fundamental  tones,  534,  535. 
Fusion  of  ice.  Heat  equivalent  of,  593. 
Fusing  point,  563. 

O 

Galileo,  x3x,  730. 

Galvanic,  see  voltaic 

Galvani's  experiment,  408. 

Galvanometer,  Astatic,  4x8. 

**  Differential,  App.  L  (4> 

"  Mirror,  App.  L  (3). 

^  Potential,  App.  M  {j^\ 

^  Sine,  App.  L  (x). 

^  Tangent,  App.  L  (3). 

Gamut,  53X. 

Gas  defined,  58. 

Gases,  Kinetic  theory  of,  63, 
*^     Specific  gravity  of,  348. 
**     Tension  of,  63,  369,  383-a87»  559 
'*      Type  of,  370. 

Gauges,  Wire,  App.  I. 

Geissier's  tubes,  Exp.  70,  p.  349. 

Gold  leaf  electroscope,  333. 

Gore^s  railway,  Exp.  74,  p.  379. 

Governor  for  steam  engines,  639. 

Graduation  of  thermometers,  543. 

Gram  defined,  36. 

Graphic  repreaentatkn  of  forcM^  8i« 


592 


nmxx. 


Numbers  refer  to  paragraphty  unless  otherwise  indicated. 


\% 


i( 


t< 


<i 


Ci 


it 


Gravitation  defined,  98 ;  Laws  of,  xoo. 
Gravity  cell  or  battery,  395. 

Centre  of,  107-110. 

defined,  102. 

Force  of,  resolved,  109. 

Increment  of,  127. 

Specific,  241-253. 

unit  of  force,  67. 
Grenet  cell,  392. 
Grove's  cell  or  battery,  396. 
Guitar,  518. 

H 

Haloes,  714. 

Hardness,  47. 
Harmonics,  524. 
Harp,  518. 

Head  of  liquids,  254. 
Heat,  Absorption  of,  721,  722. 
Conduction  of,  603. 
Convection  of,  606. 
defined,  538. 
Diffusion  of,  60a. 
Effect  on   electrical   resistance, 

App,  K  (3). 
equivalent  of  chemical  union,  634. 
"    of  fusion  of  ice,  593. 
*'    of  vaporization  of  water,  594. 
from  friction,  629. 

"    percussion,  628. 
Latent,  583-59S. 
Luminous,  617. 

Meclianical  equivalent  of,  631. 
Obscure,  617. 

Radiation  of,  607,  6zo,  731,  722. 
Reflection  of,  6x9. 
Refraction  of,  621. 
Sensible,  581,  583. 
Specific,  596-601 . 
unit,  579. 
Heating  powers,  634. 
Heliostat,  655. 
Helix,  416  {J>\  442. 
Helmholtz's  resonators,  514,  539  («). 
Hollow  conductors,  341, 
Holtz  electric  machine,  348, 349. 
Homogeneous  light,  713. 
Horizontal  needle,  439. 
Horse-power,  155,  475. 
Horse-shoe  magnet,  404, 443. 
Human  eye,  724-737. 
Hydraulic  motors,  384  (a). 
Hydrokinetlcs,  254. 
Hydrometer,  249-952. 


Hydrostatic  bellows,  233. 
**         paradox,  329. 


ii 


press,  333. 
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Ice,  Heat  equivalent  effusion  of^  593. 
Iceland  spar,  743. 

Images,  Construction  for,  66a,  670,673, 
693. 
Inverted,  650, 673,  674,  694, 695. 
Multiple,  663. 

Projection  o^  671,  694, 695,  734. 
Real,  669-672,  694,  695,  734. 
Virtual,  660,  673,  675,  696,  697. 
Impenetrability  defined,  3X. 
Incandescence  lamp,  466. 
Incidence,  Angle  of^  97. 
Inclination,  Magnetic,  440W 
Inclined  plane,  x98-304, 
IncompressibOity  of  liquids,  2x5. 
Increment  of  velocity,  X27. 
Indestructibility  of  energy,  163. 
"  "  matter,  37. 

Index  of  refraction,  678. 
Induced  electricity,  31X,  374,  456^469. 
Induction  coils,  457-460. 
Induction,  Electro-dynamic,  45(^469. 
**  "    static,  332-335,  Ak>.X 

•*        Magnetic,  435,  436. 
Inertia  defined,  38. 
Insulators,  324. 

Intensity  of  electric  current,  385, 387  («> 
**        "  light,  654. 
•*        **  sound,  493,  494. 
Interference  of  light  7x3. 

**  "  sound,  5x5. 

Intermittent  springs,  301. 
Internal  reflection  of  Ught,  681. 

•*       resistance,  383,  199, 400. 
Inverted  images,  650,  67a,  674,  694,  695. 
Invisibility  of  light,  658. 
Ions,  41 X. 
Irradiation,  7x5. 

J 

Jar,  Leyden,  353-357. 
Joining  voltaic  cells,  398-403. 
Joint  resistance,  Electric,  404  (i). 
Joule,  The,  471. 
Joule's  equivalent,  631,  633. 
"      law,  471, 
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Kinetic  energy,  Formula  for,  157. 
"       theory  of  gases,  62. 
"       unit  of  forces,  68,  69. 


Lamps,  Electric,  466,  467. 
Latent  heat,  583-595. 
[.Ateral  pressure,  230,  231. 
Leclanche  cell  or  battery,  393. 
Lenses,  687,  71a. 
Leslie's  cube,  619,  623. 
Lesser  calorie,  471,  579. 
Lever,  Classes  of,  169. 

**      Compound,  178. 

"      defined,  168. 

'*      Laws  of,  170. 
Leyden  battery,  358. 

**      jar,  353-357;  Ex.  II,  p.  252;  Ap.  J. 

"       '*  and  bells,  Exp.  42,  p.  241. 
Lifting-pump,  294. 
Light,  Absorption  of,  721,  722. 

"     Analysis  of,  700-703. 

*'     Composition  of  white,  704. 

"     defined,  644. 

"     DiflFused,  657. 

**     Dispersion  of,  701. 

**     Effect  on  electrical  resistance, 
App.  K  (4). 

"     Electric,  720. 

"     Homogeneous,  713. 

"     Invisibility  of,  658. 

•*     Polarization  of,  737-747. 

"      Radiation  of,  721,  722. 

**     Rectilinear  motion  of,  649. 

"     Reflection  of,  655-675. 

**     Refraction  of,  676-719. 

"     Synthesis  of,  704. 

"     Velocity  of,  653. 
Lightning,  368  ;  rods,  369. 
Line  of  no  variation,  441. 
Lines  of  force,  App.  N. 
Lines  of  magnetic  force,  433. 
Liquid  defined,  55,  6t. 

**       rest.  Condition  of,  233. 
Liquids,  Equilibrium  of,  333.  [359. 

flowing  through  pipes,  357, 
in  communicating  vessels,  334. 
Incompressibility  of,  315. 

**       Spouting,  254-356. 
Liter  defined,  29. 
Loadstone,  see  lodestone. 
Local  action  in  batteries,  388. 
Lodestone,  310,  433. 
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Long  coil  electric  instruments,  403, 
Loudness  of  sound,  493. 
Luminiferous  ether,  608. 
Luminous  bodies,  645. 

effects   of  electric   current^ 
407. 

globe,  Exp.  68,  p.  348. 

jar,  Exp.  66,  p.  347. 

pane,  Exp.  67,  p.  348. 

spectrum,  717. 

tube,  Exp.  68,  p.  348. 

M 

Machine  cannot  create  energy,  164, 165 

'*       defined,  163. 

"       Laws  of,  167. 

"       Uses  of,  166. 
Machines,  Compound,  3iz. 

"         Electric,  343-349.  i^S* 
Magic  lantern,  734. 
Magnet,  Artificial,  3x0,  434. 

*'       Broken,  430. 

"       Electro-,  307,  443-449. 

**       How  made,  448. 

•*       Laws  of,  429. 

**       Molecular  changes  in,  453. 

**       Natural,  310, 433. 

**       Permanent,  308. 

"       Temporary,  307. 
Magnetic  attraction,  437-449. 

•*         charts,  441  (a). 

"         compass,  309,  439  (a). 

•*         curves,  433. 

**         declination,  441. 

**        effects   of   electric  currentj 
416. 

•*         equator,  436. 

••         field,  433. 

*•        force,  lines  of,  433. 

**         incUnation  or  dip,  440. 

••         induction,  435,  436. 

•*         meridian,  441,  App.  L  (a). 

"         needles,  417,  439. 

"         neutral  point,  426. 

"         poles,  426,  438. 

"         retentivity,  425. 

"         screens,  433. 

substances,  431. 
units,  450. 
variation,  441. 
Magnetism,  307,  423-45S* 

and  energy,  455. 
Distribution  of,  436. 
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Ml^nEli; 
M.«n«ti 
MnEnelo-eleclric  current,  4*'.  463. 

Magnifyiog-gioss,  718. 
MallubiUty  definid.  jo. 
Maliia'apoliiris™pe,r4»- 
MiDipTilalor,  415  id). 
JUicet's  globe,  5j!i. 
MarlMt's  fompass.  J09,  4»  Wi- 
Hiriolte,  9B4,  la^. 
Mass  defined.  4,  *■ 
Malbemaiioal  fonnutas,  App.  A. 
Maiter,  Conditions  of,  53- 
"      defined,  i. 

'■      Propettiea  tit,  13. 
"      Rmdiant,  59  (*) ;  Eip.  7".  P-  '5°- 
Measurement  of   electric    tesiatange, 

App.M.iaandsl- 
Meuuremento-fE-M.  F.,  App.  M  (4). 
Measures,  13-ja.  3<~36- 
MtolianiaJ  effecla  of  electric  current, 

Mecbaniqa]  equivalent  of  heal,  631. 
Megohm,  380, 
Melting  points,  561. 


Motors,  Elec 

rie,  465  (^1.473. 

"       Hydr 

aulic  384  W. 

Multiple  arcun-lhod  of  joining 

cotls.3»S. 

Mulllple  imat 

e^Mj, 

Multiplei  lel 

Music,  ,.,t. 

"      scale 

S».5*';"rtiing». 

.8.  SI 

Natural  mag 

6fc 

Table  of.  App.  L 

»). 

=nls.  Table  of.  App,L<i 

Nature  of  tie 

ctticlty  313. 

Nee<llc5.  Magnetic,  4-7,  439- 
Nepitive  ( — )  elcrtrieity,  3i». 
Neutral  pdnt,  Magnetic,  49$. 


Nodal  points  Of  nodes,  sa4-5! 
Non-lunuoooB  bwUes,  iia- 


Mil,  38'  («■ 

Millecalorie,  s«e  lesser  calorie. 

MllUampere,  385. 


Opaque  bodies,  ijfi. 
Opera-glaea,  730. 
Optical  angle,  736. 


velocity,  6b  (b). 
Molecules  defined,  5.6. 
Momentaiy  sounds.  490, 
Moment  of  forces,  7'.  17«- 
Momentum  dcfired.jo, 
Morse's  alphabet,  445. 
"      tel^imph,  444. 


.  in'a  digester,  sji. 
Paradox,  Hydrostatic,  939. 


INDEX. 


596 


Numbers  refer  to  paragra^k*t  unless  otherwise  indicated. 


t( 


(i 


(« 


(t 


i4 


4i 
it 


(4 


•t 


ii 


ti 


Parallelogram  of  forces,  82. 
Parallelepiped  of  forces,  90. 
Pascal,  217,  218,  221,  276. 
Peltier  effect,  422. 
Pencil  of  light,  648. 
Pendulum,  Compensation,  149. 

Compound,  138. 

Cycloidal,  144. 

Electric,  304*  3*3  («)• 

Laws  of,  143,  X45,  146. 

Motion  of  the,  139. 

Real  length  of^  142. 

Simple,  137. 

The  second's,  147. 

Uses  of,  148. 
Percussion  develops  heat,  628. 
Permanent  magnet,  308. 
Persistence  of  vision,  725. 
Philosophy,  Natural,  defined,  X2, 162. 
Phonograph.  508,  App.  P. 
Photographer's  camera,  723. 
Photophone,  App.  K  (4). 
Physical  change,  10. 

properties,  14,  15. 
science,  9. 
*'        unit  of  matter,  5. 
Physics  defined,  12,  162. 
Physiological   effects   of  electric  cur- 
rent, 409. 
Piano,  518,  523  (J)) ;  Exp.  16,  p.  404. 
Pipes,  Musical,  531-536. 
Pitch  of  sound,  496-499. 

"      "      "       Absolute,  523. 
Plane,  Inclined,  198-204. 
Plate  electric  machine,  344,  345. 
Plating,  Electro--,  412. 
Pneumatics  defined,  268. 
Pointed  conductors  of  electricity,  343. 
Polariscope,  742,  745. 
Polarization  colors,  745  (0). 

Electric,  33a,  336. 

E.  M.  F.  of,  414. 

of  batteries,  389. 

of  light,  737-747« 
Polarizer,  737  (a). 
Poles,  Electric,  738. 

**     Magnetic,  436,  438. 
Polygon  of  forces,  89. 
Porosity  defined,  42. 
Porte-lumi^re,  655,  note. 
Positive  ( + )  electricity,  317, 
Potassium  di-chromate  cell  or  battery, 

392. 
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Potential,  Electric,  326,  327-330,  384. 

**        galvanometer,  App.  M  (4£> 
Power  defined,  155. 

**      Electric  transmission  of,  474. 
Press,  Hydrostatic,  223. 
Pressure,  Atmospheric,  373,  275,  277. 
Downward,  225,  926. 
Gaseous,  62,  269,  282-387. 
Lateral,  230-231. 
of  vapors,  568. 
Transmission  of,  by  liquid^ 

2x6. 
Upward,  227, 328. 
Primary  coils,  457. 
Prince  Rupert  drops,  App.  D. 
Principal  axis,  664,  688. 

^*        focus,  664,  666,  689. 
Prismatic  colors,  700. 
Prisms,  686,  718,  7x9, 744. 
Projectiles,  133. 

Path  of,  135. 
Time  of,  X36. 
Proof-plane,  333  (0)  ;  Exp.  29,  p.  3x2. 
Propagation  of  sound,  484. 
Properties,  Characteristic,  19,  21. 
Chemical,  X5. 
of  matter,  X3. 
Physical,  14, 15. 
Universal,  x8,  20. 
Provisional  theory  of  electricity,  337. 
Pulley,  192,  197. 
Pump,  Air,  288,  293. 

Force,  296,  297. 
Lifting,  294. 
Pure  spectrum,  702. 

Or 

Quadruple!  telegraph,  446. 
Quality  of  sound,  528. 
Quantity  of  electricity,  387. 
Quartz  prism,  719. 

R 
Radiant  energy,  484,  500,  607,  644. 
heat,  610. 

matter,  59  (^) ;  Exp.  71,  p.  350. 
Radiation  and  absorption  of  heat  and 

light,  721,  722. 
Radiation  of  sound,  484,  485,  50a 
Rainbow,  706-710. 
Random,  X34. 
Range,  134. 
Rays,  Actinic,  719. 

Heat,  6x0, 6x6,  718. 
Luminous,  7x7. 
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Rays,  Obscure,  617,  718,  719. 
"     of  light,  647. 
"     of  sound,  500. 
•*     Thermal,  718, 
"     Ultra-red,  718. 
**     Ultra-violet,  719. 
Reaction,  72,  93,  94, 95. 
Reed  pipes,  535. 
Reflected  motion,  96,  97. 
Reflecting  telescope,  733. 
Reflection  of  heat,  6x9,  63a 
♦♦        "  light,  655-675. 
•*        **  sound,  502-504. 
**       Total  internal,  681,  68a. 
Refracting  telescope,  731. 
Refraction,  Double,  743. 
••         Index  of,  678. 
**         of  heat,  621. 
•*  "  light,  676-719. 

"  •'  sound,  500, 

Refractors,  Kinds  of,  684. 
Reinforcement  of  sound    5x1-5x4,  5x6, 

517- 
Relay,  Telegraphic,  445  (^. 
Repeater,  Telegraphic,  445  (</). 
Repulsion,  Electric,  304, 331  (a). 
Requisites  of  a  good  battery,  401. 
Residual  electric  charge,  356,  App.  J. 

'^        magnetism,  443  (a). 
Resistance  box  and  coils,  App.  M  (i). 
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Electric,  379,  App.  K. 
Measurement 

App.  M. 
Unit  of,  380. 
**         Internal,  383,  399,  400. 
**         Specific,  App.  K  (2). 
Resolution  of  forces,  91, 199. 
Resonance,  513. 
Resonators,  5x4,  539  (a). 
Resultant  motion,  79,  85. 
Retentivity,  435. 
Rheostat,  App.  M  (2^). 
Rivers,  Flow  of,  258. 
Rock  salt  prism,  718. 
Ruhmkorff^s  coil,  459. 
Rupert  (Prince)  drops,  App.  D. 

S 
Safety-valve,  640. 
Savart's  bell  and  resonator,  513  (0). 
Scale,  Musical,  520-523. 
Science  defined,  i. 
"     Physical,  9. 
SerecDSt  Afa^rnetic,  432. 


of, 
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Screw  defined,  308. 
**     Endless,  310. 
*'    Law  of^  309. 
Secondary  axis,  664, 688. 

"         battery,  4x5. 

"        coils,  457. 

**         foci,  689  («). 
Selective  absorption,  6x8. 
Selenium,  App.  K  (4). 
Sensible  heat,  581. 
Series  joining  of  cells,  398. 
Shadows,  651.  *  " 

Short  coil  electric  inabmments,  403^'-^ 
Shunts,  404, 
Silver  plating,  413. 
Simple  and  compound  tones,  599. 
Sine  galvanometer,  App.  L  (3).    * 
Sines,  Natural,  Table  of,  App.  L  (3). 
Siphon,  298-300. 
Size,  How  estimated,  736. 
Smee's  cell  or  battery,  391. 
Solar  energy,  746 ;  spectrum,  706^ 
Soldering,  App.  B. 
Solenoid,  Exp.  xoi,  pw  3x5. 
Solid  defined,  54, 6x. 
Sonometer,  Fig.  968;  5x9,  App.  (^ 
Sonorous  tubes,  531. 
Sound,  Analysis  of,  Bxp.  x6,  pu  404) 

5*9  («)• 
"     beats,  5x6, 5x7. 

*'     Cause  of,  483. 

"     defined,  477. 

"     Focus  o^  SOX. 

^     Interference  of,  5x5. 

**     media,  486. 

**     Propagatkm  ol^  484. 

**     Quality  of,  598. 

**     Reflection  o^  s(»-504. 

**     Refraction  of,  500, 50X,  5x6^  sty. 

**     Reinforcement  o{^  5xx-^x4. 

**     Syntheas  of,  539  (a). 

"     Timbre  of,  528. 

•*     Velocity  of,  487^89. 

"     waves,  485. 
Sounder,  Telegraphic,  445  (a). 
Sounding-board,  5x0. 
Spark,  Electric,  363;  Exp.  35,  p.  933$ 

460. 

Speaking-tubes,  495. 

Specific  gravity  defined,  34x. 
**  **       of  gases,  348. 

^  ''       *'  liquids,  343, 946. 
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Specific  heat,  596-601. 

**       inductive  capacity,  352. 

•*       inductivity,  353. 

* '       resistance  (electric),  App,  K  (2). 
Spectroscope,  703  (Ji), 
Spectrum,  700,  702,  704,  7x6-7x9. 
Spherical  aberration,  698. 
Spouting  liquids,  354-256. 
Sprengel's  air  pump,  390. 
Springs,  Intermittent,  301. 
Stability,  xx6. 

Standard  candle,  Ex.  5,  p.  483. 
Statip  electricity,  see  frictional. 
Steam,  573,  594. 
Steam-engine,  635-643,  App.  S. 
Stereoscope,  735,  736 
Storage  battery,  4x5. 
Storms,  Thunder,  367.  [p.  35a. 

Striking  distance  of  Leydenjir,  Ex.  zx, 
Stringed  instruments,  530. 
Strings,  Musical,  518,  5x9. 
Stubs'  wire  gauge,  App.  I. 
Submarine  cables,  359,  360^  App.  L  (3). 
Successive  electric  induction,  335. 
Sunbeam  analyzed,  7x6-719. 
Sur&ce  electrification,  34X. 
Surveyor's  compass,  439  (0). 
Swan  lamps,  466. 
Sympathetic  vibrations,  509,  635. 
Syntiiesis  of  sound,  539  (0). 
**       "  white  light,  704. 

T 

Tandem  joining  of  cells,  398. 
Tangent  galvanometer,  App.  L  (x). 
Tangents,  NatuTal,  Table  of,  App.  L 

(x). 
Tantalus's  cup,  30X. 

Telegraph,  444-44^. 

Telegraphic  plant,  445  (c). 
"         relay,  445  (b\ 
'•         repeater,  445  (</X 
**  sounder,  445  (a). 

Telephone,  468,  469,  505-507,  App.  O. 

Telephonic  transmitter,  507. 

Telescope,  73i-733»  App.  T. 

Temperature,  539,  559. 

Temporary  magnet,  307. 

Tenacity,  48. 

Tension,  Electric,  336. 

**       of  gases,  63, 269,  383-387. 

Terrestrial  magnetism,  437-442. 
**        teleicope,  733. 
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Testing,  Electric,  App.  M  (z). 
Tests  for  electricity,  333,  333, 4x7,  418. 
Theory  of  electricity,  337. 
Thermal  effects  of  electric  current,  406 

spectrum,  7x8. 

units,  579. 
Thermodynamics,  626, 

"  First  law  of,  630. 

Thermo-electricity,  3ZX,  374,  419-422. 
Thermo-electric  pair,  430. 
**  pile,  43X. 

Thermometers,  54X-547,  App,  R. 
Thermometric  readings,  54^ 

**  scales,  545. 

Thunder  storms,  367. 
Timbre,  528. 
Tin  tree,  Exp.  77,  p.  983. 
Toepler-Holtz  electric  machme,  Notcv 

p.  332. 

Tones,  Fundamental,  524,  535. 

"      Musical,  49X. 
Torricelli,  374. 
Total  internal  reflection,  68x. 
Tourmaline  tongs,  740. 
Transferrer,  293. 
Translucent  bodies,  646. 
Transmission  of  power.  Electric,  474. 
**  of  pressure  by  liquidi^ 

2x6. 
Transmitter,  Telephonic,  507. 
Transparent  bodies,  646. 
Trembler,  Electric,  447. 
Triangle  of  forces,  87. 
Tube  offeree,  App.  N. 
Tubes,  Acoustic  or  speaking,  495. 

*'      Sonorous,  531. 
Tuning-fork,  5x0  (^>-5x6,  599. 
Turbine  wheel,  265. 

U 

Ultra-red  rays,  718. 
Ultra-violet  ra3rs,  719. 
Undershot  wheel,  263. 
Undulations,  478. 
Unit  of  electric  capacity,  359. 

"       **       current,  385. 

"       "       resistance,  380, 

"       "       quantity,  387. 

"  E.  M.  F.,  382. 

"  force,  68,  69. 

"  heat,  579. 

*'  matter.  Chemical,  6. 
Ph78iaa,> 
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Doit  of  power,  155, 475. 

••     *•  work,  153,  «54. 
Units,  Absolute  (electromagnetic),  451. 
••     C.  G.  S.,  69, 154,  450,  451. 

Electric,  390,  aai,  399,  330,  359, 

450-453. 
Blectroma^etic,  451. 
«•     F.  P.  S.,  68. 
•*     Magnetic,  450. 
**     Practical  (electromagnetic),  453. 
Universal  disctiarger,  358. 

**        properties,  xB, 
Upward  pressure,  9*7,  aaS. 


Vacuum  pan,  571  («). 
Vi4K>r  defined,  58. 

**     pressure,  568. 
Vaporization  of  water.  Heat  equivai- 

lent  of,  594. 
Variation,  Line  of  no,  441. 

*'        Magnetic,  441. 
Velocity,  Increment  o^  127. 
of  Uglit,  653. 
of  molecules,  6a  («>. 
**       of  sound,  487-489. 
Vena  contracta,  App.  B. 
Vertical  needle,  439,  440. 
Vibration,  Amplitude  of^  140, 481,  493. 

**        of  pendulum,  140. 
Vibrations,  Sympathetic,  509,  635. 
Violin,  518,  519  (a). 
Virion,  Distinctness  of^  737. 
**      Persistence  o^  7a5« 
iHsual  angle,  652. 
Vocal  apparatus,  535  («). 
Voh,  38a. 
Veltaic  arc,  467. 

*•      battery,  398-400. 

cell,  306,  375,  390-397* 
current,  375. 
••      electricity,  305,  306, 373^x8. 
**      element,  see  celL 
Volt-ampere,  475. 
Volt-meter,  App.  M  (4^). 
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Volta's  pistol,  Exp.  58,  p.  944. 
*     haH,  Bjq>.  39,  p.  %^ 

Mr 

Water,  Expansion  of,  553,  554. 

"     Heat  equivalent  of  vaporiza 

tion  of,  594. 
**     Maximum  density  of«  553. 
•*      power,  960. 

Specific  heat  o^  6ox. 
voltameter,  4x0. 
**      wheels,  a6x-a64. 
Watt,  475. 
Wave  length,  480, 48a,  499. 

"     period,  479.  483t  498- 
Waves,  Coincident,  5x1. 

**     Reflected,  Exps.  8  and  9,  pt 
39a,  Exp.  XX,  p.  394. 
Wedge  defined,  205. 

**     Use  of,  906,  907. 
Weight,  33,  X03. 

**       Law  of,  X05. 

Wheatstone*s  bridge,  App.  M  (sr). 

Wheel    and    axle,    Advanta^^es    ol 

x8o. 

defined,  X79. 

Forms  of^  184. 

Formulas,  x8e. 

Law  of,  xSs. 
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Wheel  armature,  464. 
Wheels,  how  connected,  189. 
Wheels,  Water,  961-364. 
Whcel-worlc,  185-188. 
White  light.  Composition  of^  704. 
Wind  instruments,  530. 

'*     power,  App.  H. 
"I^re,  App.  I. 
Work  defined,  X50. 

•♦    Unit  of;  153. 


Yellow  spot  of  eye,  734. 

Z 

Zero  of  temperature,  Absolute,  598. 
Zhics,  Amalgamating,  388. 


